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Abstract

The CPT symmetry theory predicts that, matter and antimatter should be created
with equal amount at the beginning of the universe. However, all evidence collected from
astronomical physics[IH3] shows that, the universe is overwhelmingly dominated by normal
matter. The study of the so called matter-antimatter asymmetry is one of the most impor-
tant frontiers in modern physics. The Relativistic Heavy Ion Collider (RHIC), located at
Brookhaven National Laboratory (BNL), can produce high temperature, high density mat-
ter (Quark Gluon Plasma)[4] [5], contains roughly equal number of quarks and antiquarks,
by colliding two bunches of gold beams at near light speed. The environment created is
ideally suitable for the production of antimatter nucleus and hypernucleus, and study their
formation mechanism. Antimatter helium-4 nucleus (*He, or @)[6], which consist of two an-
tiprotons (P) and antineutrons (@) was identified by us (RHIC-STAR experiment) in 2011
base on the information collected by the Time Projection Chamber (TPC)[7] as well as the
Time Of Flight detector (TOF)[8]. The “He is the heaviest antimatter nucleus observed to
date. This finding provides a baseline for future searches of *He in cosmos. For example,
search for “He is one the major goals of Alpha Magnetic Spectrometer (AMS)[I] detector
which based on the International Space Station (ISS). Because of the low production rate of
“He nucleus by colliding high energy cosmic rays with interstellar material, any observation
of “He in Cosmic rays will be a great hint of the existence of the massive antimatter in the

universe.

We present the first measurement of “He nucleus with Au+Au collisions taken by RHIC-

STAR High Level Trigger (HLT) at \/syny=200GeV and 62GeV. STAR can perform particle
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identification utilizing the correlation between energy loss of tracks in Time Projection
Chamber (TPC) and their rigidities, as well as the mass measurement via m? = p?(t?/L?—1),
where t is the traveling time of tracks and can be measured by Time of Flight (TOF) system.
In total, 18 “He counts were detected by STAR experiment in 10° recored Au+Au collisions.
The invariant yields of *He and *He in central Au+Au collisions is consistent with the
expectations of both statistical model and coalescence model. An exponential behavior is
presented with the invariant yield versus baryon number distribution. The reduction factor
is of 1.17035 x 103 (1.6T4¢ x 10%) for each additional nucleon (antinucleon) added to nucleus
(antinucleus). The background of *He contamination has been estimated to be 1.4 (0.05)
out of 15 (1) total counts from Au+Au collisions at 200(62) GeV. The misidentification

probability is found to be lower than 10~ corresponding a significance of 6o in 200GeV.

We also present a phenomenological study about the formation mechanism of
anti(matter) light nuclei (d, d, *He, 3He, %}H, f’—\ﬁ, ‘He, “He) in relativistic heavy ion
collisions, base on a hydrodynamic BlastWave model[9HIT] couple with a coalescence
model[12] 13]. Our calculations show a good agreement with STAR results for the pr spec-
tra of p» P« A+ A. ®*He. 3He, and also provide a prediction for the production rate of
H. *He. *He. For d. dthe model calculations is over estimated at higher pp range.

3 3
AH\ A

We investigate the coalescence parameters “+/B4(A=2,3,4) as a function of transverse mo-

mentum for d(d), *He(*He), 3H(3H), *He(*He) separately. B2 for d(d) and B3 for 3He(*He)

3
are comparable with STAR measurement within statistical uncertainties. Combining the
data points extracted by PHENIX, the coalescence parameters exhibit a strong centrality
dependence. An exponential behavior is shown for the differential invariant yields versus
baryon number distribution, the production rate decrease by a factor of 1285 (1692) for

each additional nucleon (antinucleon) added to nuclei (antinuclei) and is consistent with re-
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sults measured by STAR. Relative abundance of light anti(nuclei) and (anti)hypernuclei are
studied with particle ratios, and are found to be agree with experimental data and thermal
model predictions very well. Finally, we explored the production rate of di-A within the same

approach. Our study provides a reference for the future observation of di-A experimentally.

Keywords: RHIC, High Level Trigger, antimatter helium-4 nucleus(@)
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s U ESMAL. ER T ERARHERL R B, A AR B B SR B R T B

(Quantum Chromodynamics - QCD)

Matter particles guage particles
( Ist generation | 2nd generation | 3rd generation\ ( Strong force )
e © @  ©
U h Gluon
A up charm top
R . . Electro-Magnetic force
K down strange bottom @
1 ® ® ©® o
E
P electron muon lau Weak force
; ®» | ® | @
CN) e neutrino | [ neutrino T neutrino W, Z bosons
A J \ J

B 1-1: R ER R R AR T

12 EFEINFIZF (Quantum chromodynamics)

1.2.1 AmEEHME R

QCD#2ESU (3) I B # — K IR W B AL (AR AR BT DR BEVEI718) . & BT i 38 1 %5 T AN
B A R B, B “tly” GRULTHBh s B A AT ) . i
%5 e 2 1) 3 2o 5 iy €y RS 1 SR A% 3 5 A LA R, DR s A EL AR Y gt i
717 o QCDEARHIPIA EERF e “Wnk A7 A “S i o A sEAH EAEH]
HEENRE G AL

B 127
~ Boln(Q?/Agep)

LA “WHEE o7 A S ZE a7 i e TR . Ferh i L A R TR T

as(Q?) (1-1)

ZIMBEB RN, %5 5.2 LA BB T RO RE RQUE AR, 0 (QY/MEH T A I
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A E e 12T T R B AR KRS, QAR MU A Ko, (Q°) K, BAELT
DIFE R H EARE KRR, S TS g e 7 A, B Ak .
FIL-265 T S EE AR B Mo 88 RAQCDTHE & Rt . i Z K v LLE HELR T
SRNSEI 45 R V) S 13RI

— T ' [
= |
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¢ B
B s i
TR
TR A -
0.1 G0 |
0 ! | ! |
2
1 10 10
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1-2: AS[RISEIGE LT U B SRAR AR AR & 3 BN QCD 5 Lk [14].

1.2.2 QCD tEZS

H oA EAE K “ S8 N, £FEE T AIMNAR B B2 s,
ORI, QCDIEE T AE B i e did e[S 26 1R 9 AR RO I AR B 4k, BLAE
HIZh M s M1, R IV AR FR NS 50 i1 5 8 T8 (QGP) . LXK T 14
FOEE T, TN @aa ok, £ N ECKRWEA A dizsh, sovHinE
HI B o A% s QCDXS XA 4 57 AH AR 8 s 7 kG 8 B TH 5, 1h S8 R QG PAH 22 Il 5T
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FET, ~ 170MeV, 215 5 6 B % e, ~ 1GeV/ fm?[15, 16]. K3 Fvk4l & Tk
HQCDXfQGPHA M R THE 4 R, B R R e (o) 5 i 4K J7 1 LU AR BE A& IR 1 A2
WK R /TR RER ¥ RGN EE B B ENECRE, 29 RS0 L A AR 1 I 5
BETH, R%H MK QE M, X5QGPH S v IR 435 I B B 5 1) HE W 2 A A
1. P & Sk BT 48 A2 B iR T 19 Stefan-Boltzmann B AR SRR IR, B RN X FOIRE
THRIRTFCETEHHEAEMHLER. ARKHE T HQCDTF HAE AL T % M
[¥1Stefan-Boltzmann B A AR, RZ 0 IR T [BAFEEMBAER 7). R HMQGPH
WINN, QGPH % vl 1~ [HAH BAEH 1485 & TR ams . 4, RHICHILHCH] M &
SREBYIQGPH S il TAFEE AR SR A BAE ]y, AT vl Tk, Bl seAd B
TEFQGP(sQGP).

160 | | | | | ]
140 | 4
120 |
10.0 |
8.0 |
6.0 |
4.0 |
2.0 |
0.0

4
ESB/-I- 1

3 flavour

2 fIavoUr

T/Mg

10 15 20 25 30 35 40
B 1-3: fAQCDFINTE = FkaLA T e/ T A RETIFIL, HIRBEFITI, ARG BRI,
ik FR m i Stefan-Boltzmann i fR [15] «

1.3 HEXIEBFE

FEORT 1 E Al 48 1) )L AT 2% 1T DL IS I Glauber s Y [I7) 5K 4 0 o AR 48 k% — A% filf 4
B HB o> A B AN A KN, AT A A% — Al i 4% AN [R] B mP 0 (Centrality ) 5K 73 35 .
P-4l Al 4 2 Hieo 2 i T A RE AR 1% 2 TR AR BE S, DAERORS 9% — b i, il
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H S Al 1 S50 R 2 5 R A A B Npare) ~ % 1% F T R AlE 38 250 ( N, ) P RE S 7
A2 TR FORL T HR(Noy ) R E D . iR 25 2 R fll 8 2 0o eR £, RH IR 1 Ui bl
'NWNparts Npins Nepn®K,  TAZ — AR 8k O

Projectile Spectator

— 0

L)
6%

Spectator

Before collision After collision

1-4:  AIXS IS B B FREEE 0 LA IR .

WEL-GFTR, ERER— RS, RS HE AT W6 (Pre-equilibrium) (¢ <
1fm/c), EFCFER BB 7 (5 50 R )2 0K LRI (Parton cascade), JF
AT KRB RS AR T . Y FOR R TR 2R OR S IR I T B B Ay T
) P U T A, IR BB AR R A0 HE color string AU [I8]. color glass condensate £5 24 [T9] Al i
PQCDAERY[20], 211 LB B (3 43 B i 2 s A0 R U e i 7 R ik s e 1 2 1A
B R R IR PE B R P4 (Local thermal equilibrim) JERQGP, Bl J& U2 Ji 4
3l 115 ¥ & (Hydrodynamical expansion)Bt(1fm/c <t < 10fm/c). B, REG MM
17 R AT AR AR S 22 2R AR, IRARE) 1 R sk R C LT 1 RIEECEET, WR R
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T (x) = w'u” (e(x) + P(x)) — g P(x),  9,T"(z) =0 (1-2)
Horb o RZBUNRA TS AL E, T (o) RIERESIEKE, e(o)FP(2) 77l AR
WEME SR, w RN TRV . R R R Re s & P HE R0, T (2)=0; A
&l 1% i P AR 2 (Hydrodynamic BlastWave model ) [23[#E4& RE1E—ANRE N T HIFRS
RGHIRFIAR IR (B ) LA [FDR (Br) ISR, BB R AR AT IO HEA SR B0 S 45 SR . Bl R
LR I B R G 4R35 716 72 (Hadronization), - 247% 4 ik 1 2 (W AN F &k A gk
AT B B 8 B4k 24 P47 (Chemical equilibrium). I R HIME RS A SR AL,
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EIENRZEHE, R RS — BT ILIRESSMIE Hik 2] 71 [24, 25], Aetg iR
I A BT A P8 B A ARKIE T EBUR L 2T AR (up, ps, no) FHL
VTR EE (To) T HIRLT @ R

i

m;
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e (1-3)
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-6-



Hadron gas QCD phase

transition

thermalization

QGP
c parton cascade

>

SING ‘
o@m@

1-5: X8 E 1l ) I ()AL
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KL fo B, XS E R TR R R T A B DL S TR AR I
A AL B AR

RHICH F P 3 8 1T 06 3 1) <e 4% HEAT 0 48, 568 7 00 48 10 o s Joid O &R fE R AT 08
H\/snn=200GeVEAZ T, O ORERE = BRI 46 e % A BI5GeV / fm3[26], it T =
AQGPHT BN fE R E (1GeV/ fm®). H2000FTF G217 Lok, RHICHUE TR £ 4E%

B EEER, XEe BRI G A T 0R 1 B B Z B ROk R, Ei
M TQGPTAr 4. MU MEEH A HRHICH — Lo H Z 1) S inill 2 45 8 .
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Early Universe The Phases of QCD

J LHC experiments

Temperature
—~euf— 11111

O Rl C:rossover

Critical Point

Hadron Gas 7
Superconductor

Nuclear /
/Vacuum Matter Neutron Stars
0 MeV - I =
0 MeV 900 MeV
Baryon Chemical Potential

1-6: QCDMAZER, K miRom i1 1A QGPHAL AL I 5 Al

1.3.1 SHESNERFEER —BUEZE N (Jet quenching)

RLIEIE AT (R o p) F6 4% — R R 4 oK 1 P UM p-+ pRlE 48RP AR B, 38 ON

d2 NAB/dedy
R = 1-4
an(pr) Tapd?o,,/dprdy (1-4)

HATap = (Nyo)/oime 2 b — HoH A B & B0 8, 38 i Glauberb B [I7] 3 32 5k
1, Ny B R B F  EREA H . Rap i — S, 925 b by Ui

Ao b A m o Rl 4 R ) 32 Al AR PR R W TS AN A AR, Bl Repe FE X
N

< NPeripheral > d2NCentTal/dedy

bin

< Ngsntral > d2NPeripheTal/dedy

Rep(pr) = (1-5)

RHICIH 33 W 7E Rap M R p b 76 B 1R 20 (pr) KA AL, R BLAE Aut-Aur O ill 38 7P mipp b
T B AR — B YRV Ko p RORET 77 28 % — R i 0 98 70 1 B U B B
i pr LT USRI Aut-Aur ol P A T BOREYIBT,  TT m RE KL T AN B P 5 AR A
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ST e 9

G AERRR T #5r Be & H = A2 K E FMKpr b7 (R ) o L7 & P& 798 7 1 Rep bl
Eprl ], fEpr > AGeV /e, RepW IS, -8/ B STARI R H] ) Aut Aur
oL A A+ AuhlE EAZ B IE R 7 R 4 p B B ) B 8 B A [2T], FEAut-Au b Cofilh 4 o B
MBI R4pH R T ERRep AT, THIXMILR IR A Ed+ Akt b4, DL E
XSO I %, RPFAu+Auh OREEE A S LA T EEY R .. XM ECEY R RE
FEd+AuH A HAR IR SPSAEX PPl b, FHCo il 18 o 3l 48 F) A% 45 1E
K F Rop It A HBLUEAL, R WISPS Pb-+Pbfilffi dr 54 7 A ZEAURHICH [ 5 A ¥ K 3K

J¥[28

==

o

9Au + Ay at V5 = 200 GeV

(a)lmesloﬁs - (b)lbaryons‘islI

—
'
>
i

d?N/dpdn/<Np;n> (0-5%)
d*N/dpdn/<Npjn> (40-60%)

¢ y AR
oKl oKk*
" oK' a¢d --- ht
o O o . ]
P 0 1 2 3 4 5 6

Transverse momentum p; (GeV/c)

B 1-7:  AutAufilf i HC PRI XS Al AT 7 558 T Rop(0-5% A Gl 33 A140-60% 1Y J4 1 i 33 ) L) B & pr 1Y)
Bk, FEEINT AN T RopfiEpr ME, AR FET Rep 36 K.

W33 R I A LA FH A& RG] fE B 400 2 2 AN L 2 A B R B AR A SR ) o i p USRI AL
£ R RT DA 53 Ab— A FETE B Au+ Au DRl = A2 T B3R R g . LS A
Tp+p, d+Au, FlAu+Au X85 RERE) 70 AT R H . B SRk 58 T (associated hadrons)
pr > 2GeV/c, Tl T (trigger hadrons) pr > 4GeV/c)o KA TAMIEAD ~ ORLIESR
R 36 L0 R T B (A — MBS R Y (fragmentation) HU 3K, IXEp+p, d+Au, AutAur I
— Bk, RERRLTIEAG ~ mUERI IR RAFE Fp+p, d+Awd, M7EAu+Au O Rl

-9-



a3

10 H—E g

FIRAE D] ZFPAutAutOREEE P RBE RIS, R Au+AufO b
T AFE T p+ps d+-AuEEE ST, W RIEEh R AE R BRI 1K T RE R

-e—-d+Au FTPC-Au 0-20%
—+—d+Au Minimum Bias

";_ B [ T Trrrprrrrpr ey LR B
2 . L + d+Au FTPC-Au 0-20% ]
1 | i ]

< ——p+p min. bias ‘ifIlR .

* Au+Au Central

=]
[
L |

/Ny igger AN/D(AD)
2

C * Au+Au Central
5] NP N R BRI B

0 2 7 6 8 o
p; (GeVic) .
A ¢ (radians)

1-8: /& B X N AF Au+Au o il 5 Md4+-Aufl B BB 8 IR B 7B BprH K R . A K
FEp+ps d+AuMAu-+AuhilffiE X 505 B A RERE .

1.3.2 FEFMR (Anisotropic Flow)

1% — A% ARR ORI 84T 4r 2 2 18] B AN KR 2 2 A0 BSORSE 8 8] ) T B e JEE R %

A S o bR Bl B a) o A Al DAE (S T i -
% = %%(1 + EZUncos[n(gb -], (1-6)
Forr W, e % — A4 () s P T (Rl 250 b AR 7 ) 2 PR ALK~ TR ), o R 07 r
it JEIT Z v, RIFERL T 1 fr) S Ak, e o [ (elliptic: follow )vg & — AR5 B L
PIEE LI &, A I W 2R G A 15 B R s A AN RN 2 G i iR 3l 71 S T AL 1) B R
o L9 R KO + AV IE G881 (b ) B oo B pr o0 A1 [29], Pl i 2R AR
DI RB0). TERpr X (pr < 2GeV/e), ANFRLF o fEHA TEVRE, R
RETRL T v N o PARSN T35 0] LS pr DS [ it os (R SR AR — MR GF (0 ik . e
FRISRE, (R AR SRS B IR 0 o bl /N D e HE S, o BOR, 2 R 1 o Bk
Ko v UBN . FERRIZIEXIE, Ko ERIE AT —E 703K, BT fE KT
To ERNENEXIE], KT o AT AR LIRS J1 kiR, RIS AR TksE

-10 -



ST it X 11

XA AR AL . B9 R KORIA + Affvg /nAl St Fpr/mifi s34, BEFRIA TR T
—HME. KN T —E TR A5 bR EHE(NCQ scaling), 50T 1) 4% 1) 7
WRIE T, BEIRHICH Au+Awkt i 72 24 1 #8902 I 13 (Partonic flow). 1XF1%

52 WL TR — 5P 3T«

N ! : ‘ ‘ ‘ |
> B — + i
s ¢ * A+A o h'+h
Q g3 ° 2
© Hydro calculations
©
©
F o2
>
Q
2 o1
0
2
C
< ol
Transverse Momentum p (GeV/c)
0.15 ' ‘ ' ‘ - —

s+ KZ(n=2) e A+A (n=3)

01—

vJ/n
[ o
$
e
-
——
——
—
—.—
o
4};
.,

0.05— o°

Transverse Momentum p;/n (GeV/c)

1-9:  EEVRKIMA + ACLRIEF R T (b ) MR oo B pr 7 A B o I op i 4R 2 T i ) A A R i B
HRAIEE R FERKHA + Afva /nAlXS T pp /nH) o34 .

1.3.3 Ar %R (3H 03 H)

GOHTpA, HE S T REE AR TR E R R RN A AR . X I R R T ST
e R 5 30 o Al A R YT ) AR LA 25 R AT S T AR R SR (81 G s 0 o O
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a3

12

1%-3 H FA] B 7 AR OBARL - HAL ) o DRIk, AR DRI BB 7 Al 4 2 4K 7 e SR T AR AN
SRLT R EARI P, JE A R O T — A% (Y — N AR A 1 — (Y —Y) M A
B Rl Y —NA AR M . ROCEFMAE 1 2 WA E KR T 8k 1 [32)
Y — NAH ELA P AL PR b 5 L A 5 4 T 28 S R

YRR o7 o AR 195240 AR SR 36 Hh oWl 21 1 28 — /M EHZ[33]). TR — S B, R
BURLGH) H— MR — N7 AN RABTER, ERE20100F A4 8 R I3,
1% A F R T B A ELVE R 9 B B R IAE AL I T b, RIS e b AT DLIdE e )
I 5 ar R ALY —NAH BEAEH . IABECPTX ARVERE G, 3SH A FPHeMrt, =G
b A925%. PE[L-102STARSE 6 41 18 1 3 28 33 H—He-+n~ RI3 H—He-+n+ 54 tH K (03 H
A3 H AR 5T fE 1% [34, B5] o I 5 Pl s S ORI RL TAE 5, IR B IE U 4
EHHE R, BWHRIAZR RSN BATE2.991GeV /T . X A2 5 — U AE SEEG b il
FPHIE AR SRR, B9 MG E AR [4.1 0, X R H K15 550

N5.2 M0

A 350 — B 140
300 |- 120
@ 250 F w 100F
= : ] c
= 200 — g 80 e
3 150} S eof
100 E O signal candidates E 40 E O signal candidates
é rotated background k E rotated background
50 [ signal+background fit E 20 J signal+background fit
& . ooy T 0 C M R B R
2.95 3 3.05 3.1 2.95 3 3.05 3.1

*He +7 Invariant mass (GeV/c?) *He + n* Invariant mass (GeV/c?)
1-10:  AEFIBE 723 He +7~ fl*He +r il i G 2l & 5P 18 S A SR IO AR S0 Ao (& 5 e &
MR FE S, ME&RREMNIERNHEE 5

= H > o

% — ¥ Al 48 P A5 7 VR 3 55 (strangeness enhancement ) #% WA 4 /2 QGPIE B 1 — /> 5 £
5 5[36] . A S = R AR AZ 1 P2 BT A B3, R A e XA R E R
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T-(strangeness population factor)N:

Sy = H/(PHe x A/p), (1-7)
A LLFH SR X 43 M % 8 5 B Al R R R QGPAR B R T A o LIPS O 3
B3P KL Ll AR B A A% OB O R AR AR . AW BRI BUE H, AGSHE =
T(V/snn = 5GeV)[PHe SHAERH] 71, a3 B S fEAGSRE R T U A1/3,
KYIAGSHER N a7 BUEX Tu. d5 W BUK. MARHICAEE FS;H 7% 1. %
WHRHICHE & R A% S B2 o A 28 ) () 7 S = DA R flu, A5 5 MY, 7228 T AN

TAGSHIR IR .
1-6 T T T T T 11
1.4 |- -
L arT |
SH

12 AH L ——
I 3 *He x4 m Hex4
1 — L He p p —

- 3
2 0% 2 | ]
T 08| (- —
o I . ]
06 — T 3H —

He x &
04 - o p —
i ) ]

H

0.2 | A .
i i“HexA i

D
0 l 1 I\II 1 \\I‘ 1 1 | I

10 102 10°

\Syy (GeV)

1-11: %ol S e B N B IR 0L T 2 18] B BU A B A6 A R R 0 R BE B AR AL, IR Z AU R SR it iR
#. BRSTARSEEGH 2 AN HAh 45 SRk 5 [37H39]

14 EBRFHER(R)BEI~E

A58 BT B2 I8 L — ) E 7 A KR (Baryon-antibaryon asymmetry) [1H3]/2& 4
I 2 R R — o CPTXFRMEEAR A RN AE T2/ RIBIEWI T i 7 5 =9
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a3

14 H—= 5

Ju R S, T B A o A B S R A R i T S AL R T . XA E Y — R
T AN RRAETE ML I 2 B KPR R MR, CPRE sk B8 1F 2 X 7 — AL,
(B AE K ORI BISY 5 A UL 21 ) CP AR sk A 2 DAARRE 5 |7 2 I A AR BR[40) . 4837 B CP Al
BRI SN HT AR — R ITA S BRPENLHI I N B 56 [ R 9250 %= 1 DOA R 4H.(D°
Collaboration) B IS 7\ /syny=1.96 TeV pp Al iR A HEBA T I PR T AR E. #1158
RILFHEBA T B 5 1 R AFECPRL B, Bl BRE BRI bR o B8 B T AH 223,200 53 4b
T R 1 R DAL B 2 5O B TR R T U T R CPR BRI R AT e, R T
FEFHFWFELMRT T, R RO P T AECPREEY,  SUVF n] DU RS2 A7
P — R AKI TR 55— J71H, = Ae B Ak T - A QGPES 7L PSRN
JRA AR T, RSN R R AR AR AL . T 1E RV SR AL BT R R G
AR FE A, BIF 9T v R B B T RS R R AL P A TR AT — IR RN R M
(RIRE SCo I THIKE ) 3 v i 2 B 7 Al v OE SR A A 1) LR P R L

141 (R)B#ZHEE FFENE

AR FE19634E T, ButlerF1C. A. Pearson$f H ok i LARRE i 5 A% il 1 v 11
TTZHE BOEREA2], JLE K e 2 Ja AT LI SR AR AR N 18 B 2 1 filk 48 b 1 9 1 (5 e
A AB ) DA B IE SR W R R R 2 S A2 A 12, 113, B3] () A% A A A5 A P 2R ML
Ny (R)BIZIE T HE A 10 B 5 TRl R LA 5 (R G008 Blis 3 2 AT B B (R 514
AR I P AR BT 4L S M S () B (B D), (R) B B AT DL I A28 41
2T B (Invariant coalescence factor) K%, 34577 g

BNy

N d>N,
— B.(E p n\NA-Z
app, ~ Bal )

) (B
r#p,) VM dBP,

(1-8)

A LN R (R)H A% AL 58 1 (0 o N AE P24, ARIZAy B R (R) % A% 10 JB 1 R
AT 8, Pa, Py, Py A AR BEAZ BT A 5 [ sh &, e 2 847 7E R R
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)47~ ()it (1-9)

Forh Ry B R T M55 B EAE, s a Mmooy il 2 () A% I B e A i . A Bk
A IATH B BRI 7= 4 1 KRRV AT SR TG . STARFIPHENIX & E 41 43 31 i) &
T /5nn=130GeVHI200GeVhE & T Au+Aufilifi 7= 4 (¥1d,d,*He (30 &3, JFHE T A%
HE T By A 44, 45] . £ EARAESR N 53 & 1 flf 4 A p+philffi 71 (SPS,AGS Bevelac), A
AT & T AR I AL A6HG0] . IL- 12 TN S TR A A AR 2 45 DR 70 5 ol 8 i 2
AR F . PULREERE B R, BofE M), imEEE ™ 2 KERA AR R . A B T
FE AR T A LA EVEA T 18

Hl

EH

Bevelac (d) ¢

E896 (d)

E864 ( d) T
NA49 (d) 0
NA44 ( d)

STAR (d)

PHENIX (d)

PHENIX (d)

—
OI
w
T T
" O e O
Ll

B, [GeV’/c’]

=
b

*

T IIII\II‘

ey
| IIII\IIJ

>

10"

>

—h

\fm_ [GeV] "

Bl 1-12: AFEBEE T IR A A & B 7 B HEE

1.4.2 ()BT EHLH]

AR BEAH X 18 E S A A K K ER IR B T I, T JCBROR S R R T 1 T
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iﬁi
it
Ju
Tllf

Cooper-Frye A iR [51] :
BN, 2J+1
E—— = Pd’ (R, P 1-1
P = oy o, PO (110
Horp2g + KT E RRIIER 1, Skl s sh A R S5 BV i . BOR 28 8- A0 b

i P (Boltzmann-Gibbs BlastWave model )i R 4818 2 | Jaj 38 #-F 5 (Local thermal

equilibrim) M ;

v

fi(R, P) = emp(u

2t (1-11)
HAth2%#u = Bup + Sup, B MIS a2 E AT . T E2RAGERE, o 2HUNR
PRICHIVY R R . ad VAN 545 H KBRS FEORL 48 ) o & (Bl ) ) 0 ) 170G
PLF A1 [23):

dN R prsinhp mycoshp
d 1 K 1-12
o | rdrm (PR Ry (PR (112
Hrh
— r n
p=tanh™'p, Br = Bo(F) (1-13)

B FUKIRERHIREE, B, JARr e BIRERE, RO KRB AR, 0 AHELL 7RSSR
Bt n @ EDE 0.5 1.0v 3 2.00 me RRFEFFER, T RIBENFIHRERE, 1, M
Ky RAZIE DUEE R s . sei b 2 s L0 A AN R SRR iR 1 6 (S 1 3l B
V), T LAAG BRI VR RAB BN SR R Ty, AR R T S 5, L1328 i o ot I A R
G LI HHE A B A RIF KL T T A1 < Br > K X2 2040 X T, k, p KUl R
B RGBT < Br > MUK, TSI KA IR Ty, B/ o M AT EA
BHE T (6, Q) RGN ER, RUERGMFRG A TETRA S5
SRSk FHECR BT B UL ¢, Q REBS IS RGO E B, 2RI R G0 H T B
A T4 (R E ).

BOLFHIE N VR TsallisBe v o A Q5 B/R 262 0 A R RE T Tsallispf b AR A (Tsallis
BlastWave model)[52]o [ 33 /R 25 8 o0 A (f o el AR A, Tsallis oAt I\ g il i 7
)RGI8 AR BRI T i R AN AR AR TR R . e T DU R R 1
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9 8 7 6 5 4 3 2 1

0
Strig/ ®geom (%) 8070 70-60 60-50 50-40 40-30 30-20 20-10 105 5-0
I L] I T | L] I T “ t Y T I L] I
- % * -
r:l;.; 0.2 —\\ ‘\\\\\
S 018 ¢(ss) s
8 016 | Chemical freeze-out temperature XA i
— ' TCh \:‘\‘ \‘
O L LY
2 o | Liass) -
4b] o \" ‘I
5 0.12 |- p+p ‘::_-:8 7 6 ‘\\\ -
= g,
b 0.1 [~ K 3 2 -
3 (n! (] p) 1
c 008 b =eereeeee Au+Au (1- c;) _
2 o L Au+Au (2- o) _
) I . L . | . I . I . L . I
0 0.1 0.2 0.3 0.4 0.5 0.6

Collective velocity < B > (c)

B 1-13: p+phlifE RGN A F 0 E T Au+AuilifE RGd, A RR SR 118 3) 5 0 45 5 L (T, ) M
BI(< Br >0 A . BEaW TR IRGIRE, B2 S0 2R R 1o M 20 1 i o 3 A5 51
4 (BlastWave fit). IERH[4]

Gtk AR HR, I o AORZEEAE PR R B B (), 2 q—1 I, Tsallis7Af
AR R MR I T 22 P BR824 o R Tsallis 73 Af . RL1~ A 7] o B ) DAS A
N

N +Y —+m R o 1
d x mT/ cosh(y)dy/ deo x / rdr(1l + qT
0

modmy -Y -7 (1_14)

(mrcosh(y)cosh(p) — prsinh(p)cos(¢))) /=
Tsallisy oy A R BEUE IR U (R 38 T RHICHER 1 A58 T 194, B HRHIC Aut-Aud

VRl B Bl R A5 IR N 122MeV B A1 BN 0.47c(c N EE ) .

R EEE A RERE = | Blmy (B Al m, 43 19 )5 B 1 57 KOR 5 757 8 B
bk, [FDRE T DA 2 G e T 2 () B L 1 72 2 o BT RHE A 5OR T
F 25 R IBUR 2 B 40 A (4 LB HF 9 T (R) B2 [ (0 2= BT 53, 54 . LI RHIC
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18 H—E g

AutAufE/syny=200Ge VI FHA [FE R 45 H 1 () A% 2 B EUAE,  J7HE ASTARMI & 15
PR LIS HE . ] LUE WA S BB AT DUALLE S W BORL 1 AURL T 2 TR B AR, {H 2
B4k 73T S HOMLH SHe, 36T 4472 10 4L A R049 3 093 F SHAIS H P He R B 53] -
-5 T AN W O R Al R B N (R) R A% I P Al LL 3 H /2 He /(A /p) FI3He /2 H o Bl HR
A LA A A B AR 47 i B LA GSAEIX He PHELE . {HAEXTF3H/He/(A/p), &
BORASKRTXT A A p Br=giotskxd T3 H/2He/ (A /p) (ST 21, KR4 @sesktm

= | ‘ .

1 2:_ = THERMUS Model _:
r = === Coalescence (Data) 7

1= — Coalescence (Thermus) ]
0084 T %
T L ]
0.6 —
0.4~ = —

C Au+Au ]
0.2 \s,,=200GeV []STAR Data ]

pp WA ;ﬁ) SH FisHe %FVlSH_e SH/Ho
1-14: RHIC AutAu /syy = 200GeV N AFBAL LS H 1 (fe) B L 1A G LU, J7 HENSTARM & 45
2 S H
BRI ASKLTR A p TR A R, IR U R T I TR S 4
R, ATUE AR E SO KL A p )7 A DT BRI B e E B H/2He /(A /p) (2240
54

14.3 ARGEENETZHAFFENE

o VB A XY Ch RIS BT R R AR, TN TR TR, R T
P50 REHR UL . AN H S N IKEL S0 T REHE i Al T 4l . RUONIA A 2 TR,
R EE R eSO BRRES, ERERBAWRENEL T, BT REBHIKERIT S
FBERS, MIMAEMRRES LSRN IE R 1 (S EYE 2K Walter Greiner & Ji€ 1 15 HL17
A KL e BB U, AE R SR IR 1 R R I A O PR AL, AR
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S rie X 19

1 -6 [ T T T TTTT ‘ T T LI
- © °He/’H -
1.4 ® SHAHe/(A/p) .

Ratio

12f N

0.4 Thermal Model ]
- SHHe/(A/p)

o2 | e SHPHe/(A/p), no feeddown—

rrrrrrrrrrrrr » *Her*H ]
Ll [ L Ll L Il Ll

‘ 1 1 Ll Ll
10 10° 10°
\/Spy (GBY)

1-15:  (R)BEZMIFZEIS H/2He/ (A /p) F13He /> H B8 5 Coflf 38 BE & 1036 OC R . B s ie s ok B [34)

3739

By BRSBTS, T SRR AR A RT BE SR SCIPR (1 B R LR R B
PR A T KB e eI e i e A% e, A B AE R S 25 1 R nT LELRR
50 IR IR 1R 02 ORI e A% o (ELRE e RE A B S 56 R I AT L B AT AT S ROk
T AU RS, RS ECRMLHI 75 EEAE B Al e T SR SR RAIESK

1-16:  (Z21) % A& KB e el A O T S 8 . RORIR R A A IR, Mok 5 ToiE
RERS (my ) BRIERURAERS (-myv ), PILIRATHI L AR AR AR . () £E A il 2 1 (R 8 2 2 il
i), AAEARRERS (-mn ) IR T BERS R BRI B MBS (v ), TR RS I BORL 7~ 9B RERRI L, BERS
B T RAES B U R e
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1.5 RIRHIASFNLEH

ARSCW IR T AE R B8 B /Sy v =200GeVAI62Ge VI Aut+Aut ) ) iR &4 BB .
A 2R T R ITAAR B )43 5 5 R AT I TR R AR S0 T i, AT T R R EA
BRE, WE TR E 7R, T T MEErRY
R T R (S W 5 BE6) 7EAu+Auhll 58 b 1K) 7™ 26 o B S5 I 48 1 R LRI 4 5 AR T T A
T /sSnn=200GeV H Lol () FAZ I P~ 2R

ARG SR T

B A

B XIS E B bR SR B

¥ =%: STARF MK #%(High Level Trigger)
FWUE: RINRY)FZE4("He, @)

BhE: (R)BEMAEGTE

HONE: SRR
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ETE HEMRESFIHEXRKE

2.1 HEXNMLESEFXIHENL (RHIC)

% B A & s SCE KOS5 5 AR 0 e B 7 i JL(RHIC) &2t 5t & — &
XA AF FR B 7 ok e . B RN B R LA N O B A X T 100GeV, X B
PO e BB A e E S TR S E N LA E R R R AR
A S AR 1 BB s L AR AR B g% 1R SR B U BT SR A AR . S OB
VR H(QGCP). MR AV . RHICH 11991 4, FKISAH, &FidiE104
(¥4 3%, 20004F JF 4f & IRIZ 47 . RHICKR 7 W] LN & 8 7 R 2 4b, 38 B8 % ik
TR . Aa10% 4 0 2R B, E20124ERHICHH 3 88 7% & (Luminosity) f I {8
1E\/snn=200GeV Au+Auhllf# o ALK 35.0 x 1027em 2572, 1E\/5nv=200CeV p+phi
i A 5.2 x 103 em 2572, 1E/syy=500GeV p+philf i 1L 2.0 x 10%2em 2572, Ik
ANRHTCHE T LA 58 B U A B 3k AT 5588 7 Rl 38 10 B B 4, 7 S0 A 11 2 8 1 % i
i - R QGPHI 2 i 1Ifs ¢ 45 (Critical point). fE20104F A120114F () B¢ & 391 HRHICHE 47
T /snn=62GeV. 39GeV. 11GeV. 7.7GeV. 27GeV. 19GeVIJAu+Auktf#, CL4 A

T AR TR -

AT B PR LS R E 2 B 2 4 Rk, ER-15 ) TRHICHE: &
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22 S R R 1 E Al SR B

B 2-1: A6 od R S0 5 ) B 1 I e AL A s e

HAEKW. & 5 E N 2% (Tandem Van de Craaff). B 28 I £ 2% (Linac). 18 %
2% (Booster ) F1 A2 A5 5 B [ 25 i 8% (Alternating Gradient Synchrotron, AGS). £ ki
51 B 7 (Pulsed Sputter Ton Source) 5 81 FH = A= [ — A BLRL Bt BBA (Q=-1e) I &2 J5L T
A, B S R R B B A T, RN B SR IR A I . M AR BT R
T LS BRI RS T AL P IMeVIIRE R, T8 L BN+ 32e (A% 324N E HLF
WERIES) o VR A G 2 A B e A R T 95MeV, It — 25 R B LT BT LA
N+TTeSRIGIENFIAGS. FEAGSH, & & 7 RN E 24 4% 78.86Ge VI — D R i
T M HE T, SRR AuE T B AT AU +T9e. B TE A R B BUPLIE L 0 4 B Tl
1T AGS-To-RHIC(ATR)¥EANRHICHR, 4 it — 5 st 1) flf 4 i 1

RHICHE A 75 A f f o, Horp DU AN i 80 26 A A R M 3 5 & . e A
53 ) 52 £ F6:0007 B FISTAR, 8:0047 & MPHENIX, 10:00f7 B FIPHOBOSHI2:0047 &
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FIBRAHMS. A HTSTARIRM 28 K45 1) /syn =200GeVHI62GeV N Au+Aufill i 5256

Hlls, SO STARSRMI AR BE 441

2.2 BBIEERITIRMEE (STAR)

STAR(Solenoidal Tracker At RHIC)iEAX [56]1E ARHIC E ) — A FEE Ll ke &, H
A5 1R K I R 32 UL (Acceptance) i B, BE W% [A] I FRMI200GeV Au-+ Aurh O A 1 A ) K
WAy aR . ERR-2R ER-3 B ANSTARE A ¥ = 4 7 7= IR 17 350 T 1], ML) BT B
& HSTARE A 2 7400 88 BT 4 19 4 S TARE (X ) T 4R I 2% (045 . A ok
12308 B 52 () K R (] $5 = (Time Projection Chamber, TPC)F1A[ 1] i 8] % 5 = (pair of
radial-drift Forward TPC, FTPC), FJ Tl &L 7 A7 I 1] 59 R L QAT I 1) 38 4% (Time-

Of-Flight detector, TOF), & # 1T AR A 5 ) 4 &1 H 4 5t §E 4% (Barrel ElectroMagnetic

© Maria & Alex Schmah

%] 2-2: STAREEMZE=4EK.
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Calorimeter, BEMC) 1% 3 B8 & A€ #% (Endcap ElectroMagnetic Calorimeter, EEMC),

PL S ¥ B2 376 3 4R | 2% (Muon Telescope Detector) H it #% ] #% (Beam Beam Counters,
BBC). EEEAE# (Zero Degree Calorimeters, ZDC)+ JH T LR 2% (pseudo-Vertex Posi-
tion Detectors,pVPDs). FAEELKRIRM 25 (Ring-Imaging Cerenkov Retector, RICH). i 1]

¥ g Ak (Forward Hadron Calorimeter)%s.

EMC Barrel

MTD
| MRPC ToF Barrel | [Emc Ena cap |

FHC

| | PP2ppP’

| trigger | | computing |

HLT

I COMPLET I

Ongoing I

2-3:  STARIRINER 00 17 35 i 1«

2.2.1 fi#AER (Magnet)

STARSLIG A B W) H bR €  STARMEER I ¥ it . STARBA®E —1M6.85KK, W
HARRISNEAR 7 A5 27K T 32K I [ A A4 . M4k RE 08 FESTARSR I 28 Hh = AR WY SRR 7
7] 0.25T A1 0.5T KX XJ MY, (ETPCAE WS A fij B B8 g 42328 07 vk 3 i AR R i B8 1
filf 48 7 AR I v B R ¥ I B B . STARMEIZ 3 B BEUH (KR 224 BE Tk 12/ s i, Wi 1Y
SIMETEAR A AN 50 3, 7R 5 AL A 5 A N R 3 7. STARBER 10 4 B2 5 i
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fETPCHRL 1423057 B 5 2 (RS BE 0] B35 200-300 pm. % T-STARBIALHI VRN FiE S % L
BR[57] -

2.2.2 BY[B)#Z B E (Time Projection Chamber)

I B 5% = e STARSE U6 42 B o fi & ZEM A0 720 B @ BRI ER (7). & BUA JEH K A48
PR, PRINVE B & T BA LM JT ), AR AT DAA-1.8%1.8. K R-42TPCHI =
Honp . WNERRT LA, B #sE =2 — M K4.2m, AHEA20.5m A Ml F1£2.0mf)
0 BUAE A . AL T 0 o B B BRI O B AN R, B ARR BTN e
29928kV, A H R L N85V feme FEJT LAY A, TPCXFRII S AT A5
[X(TPC Sectors), Hi[A3C 4, TPCIHIRA T 90% MG S AN L0% ) H BE BT 4L I Pro <
&, sk ThrdE R UR2=E . FRRAPIH T TPCIN— iR 4.

Number of Anode Sectors 24
Number of Pads 136608
Cathode Potential 28 kV
Drift Gas P10
Pressure Atmospheric + 2 mbar
Signal to Noise Ratio 20:1
Drift Velocity 5.45 cm/ps
Transverse Diffusion (o) 230 pm/+/cm
Longitudinal Diffusion (o) 360 um/\/cm

*® 2-1:  HrSTARM A EHISH.

TlE 28 7 25 1) v Be i AL TAE TPCHR B R e B R r A KU R T, IR S8 L TR AE
VRS LA AR F TR ANTPC P 350 i 95 s (PH AR ) VA%, 280 i 5 55 i OR R e 246 A v 2152
o AT RGICKA R TRREEAZ IS (0], P45 6 i 7 7% IO A 3 2l m] LA
T B AR A, AT EE 2 v e AT R TR IR . FEAS BT BRI S, T BT EAS
A AR, RIGE SR EA R E IR BN E, RZ HRT I S A AR Bk
(s, TPCHTREI & 2 1k 1 ) & i KA A30GeV /o #|FHSTAREmbedding#i A
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REWS T 550 TP C R AR I8 B A [ 8RR 2 A B 70 4, HL A 320 B A 2003 R A 80% LA
b T B RS ERAR T 3%, A5 RT3l BN & B 5K 7R Pro SR R R R

K, TPCH LUK i RERL T 2EAT %590, Sk 1 B EVEFEIE0.1GeV /cE1GeV /cZ[H] o

Outer Field Cage
& Swupport Tube

Sector
Support—Wheel

2-4: STARK A ZETPC.,

STARIS [A] 4% 5% 25 1 52 Y H 5 1 50 o M AHE 5 b JHG Al K 28 Si2 56 2% 3 (191 tnPEP4,
ALEPH, EOS , NA49 £5) it 260, (H2 % B E LR RHICH & 1-fil 4~ 4 1 K&
R, STAR-TPOM T — S A B RS A R . ER-FFTR ATPCHIR I H RE 1
3. TPC EEILH 24N IR IX, BRI/ A E 124, B TR B H X 2 8] (1) 2 B
CA3mm, XFERR AT RER IR TR RGEHIBEIX . BN X R 73 A0 R e DXCR P 3B
B X AR A o P90 X 3R 1750, AN S T AR 285 x 11.5mm?, 4k
Ji XA 3742 s N R TR ONG6.2 x 19.5mm?2, AR XA A 8 e X 2 [
# 2mm ) [E] B .
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Quter Pads Inner Pads
6.2 mmx 19.5 mm 2.85mmx 11.5 mm
Total of 3,942 Pads Total of 1,750 Pads

Row 1 thru 8 on 48 mm Centers
6.7 x 20 mm Centers Row 8 thru 13 on 52 mm Centers

Cross Spacing 3.35 mm

/ 600.00 mm from DETECTOR CENTER
—
[~y
[~y

.
ry

I —
E E
£ E ™~
= 3
?@; Q 87 x 3.35=291.45 mm
[+:] w0
[} [}
uw
S 3
g a
& 3 |
[ 1 3.35 mm CROSS SPACING
| 1
L | | —~| | 48.00 mm RADIAL SPACING
~‘ 52.00 mm .

6.70 mm CROSS SPACING
- (7 x 48) 4 (5 x 52) = 596.00 mm —|

1271.95 mm from DETECTOR CENTER

== 20 mm RADIAL SPACIN
— 31 x 20 = 620.00 mm

2-5:  TPCEE T HU X R = &

B ARG — A2 22 1F b= (Multi Wire Proportional Chambers, MWPC), %4
ANy, Hp RS A, RSN REBTFHERBL . BR-6IE WL H X 20
DX AUt B, e HE T B R B2 BE AR 2R AR (Anode wire plane), K 2 #5228 8% (Ground
wire plane) M T#84& 7. BHRRZAR BN s, BT RSB AR L EGL, BIIE R
TIRSERI R, B TPCHE HRIH FAERX B FHmpBOR. il RgEdid

SRS SR TR B R A D 2 T A7 BB R A PR R e ok SR A 1 AN N B AT T BE 4
R(AE/dx). EHR-PZELH RGH—LESHL,

Items Inner Sector Outer Sector
Pad Size 2.85 mm x 11.5 mm | 6.20 mm x19.5 mm
Isolation Gap between pads 0.5mm 0.5mm
Pad Rows 13 32
Number of Pads 1750 3942
Anode Wire to Pad Plane Spacing 2mm 4mm
Anode Voltage 1170 V 1390 V
Anode Gas Gain 3770 1230

*® 2-2: RGN LS.
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‘I .00 spacing
GATED GRID—

1.00 spacing
| SHIELD GRID —

\ ANODE GRID —

LAST A“?E WIRE :

2.00 <

ANODE WIRES

4.00 spacing

/ 688.00

/]

Outer Sector

715.14

B 2-6: TPCAHMH B X AR (Outer Sector) 7)1 &

2.2.3 dE/dxZIEFARLF LR (dE/dx calibration and PID)

TPCH ALK T [ HURE T 6 B 48 5k (AE /o) A Bk P B3 p 2 7 TPCRE T4 31
MIZEEE . BTt RGMWPCH S i 3 25 R4 (Gas gain) MR R, TPCHURL T2
IR REE . PRSI B T A B 55, A B AR SR B AR . TITMWPCHI S 1 1 28 R 8
NEEMIE/d<FEAH G Kk, dE/dxZI R 35 222 2 BRIX L P 26 MW P CHI 5

12 REUNE, SR EAE/dx 2 B . AT FEURL T /E TP C 45 2K () Rl 5 AL 32 A 1)
By A, SE6 b FH AN T35 75 V5 (Truncated mean method ) F14LL5K % %5 7 725 (Likelihood
method) K i+ B 2B /dx > F BIE (AE /dx) [58] . STARE B3R i1 /2 A 7 1 05 i F 3¢
R [RI30%030 4 (RAE J& ), AT 25 4 L B G 8 b (B AR P AL IO R I BE B R (OB ), K
EAE/dx/r % . ER-THE20104ESTAR 200GeV Au+Au dE/dxZI B 56 MG FIV1 0 45 1
V] A [ 5 1 A5 ) e A BT T 3 D VR AR ek B VR AR B S R, T AR K
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NT6ecmAE I ZL FEdE /dxZI EERIHTE B AR, 7T UG BIdE/dx AT 2500575210 B 73 4 n]

1£7.49%.

| Resolution versus Track Length |
c 0.2

170 GPRunXP10if: 6(@76cm) = 7.49%

18 — «  Ifit GPRunXP10if: 5(@76cm) = 7.36%

F{esglut o

ll.l'lllll

0.16

T J®
Q‘Jo
0‘0

0.14 “ore STAR Preliminary
0.12
0.1

0.08

III|III|III|III|I
&

*,
ege”9°%20

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0.04 20 30 40 50 60 70 80 90 _ 100

Track Length (cm)

o

B 2-7: 20104ESTAR AL % Aut Au 200GeV IAE /dxZI B 58 il 150 3R 40 A

W12 T2 (dE / dx) 7] LA FH Bethe-Bloch K37~ [59)],

<Z—S> = 27 Nogrmec?p i;z In Qm”;;’ "B
Horpz b1 1) LA (e N BAL), B=v/c AR T BV E, p A BRI B, N B AR
WY EE, moNETRE, r. = /mNEREHER, chH, ZRENETT
B, ANSEHETRE, v=1//1- 52, DA VFHREER. Ev = 2m.282/(1 - g2
PRI B K I R RE R . TR -8 T ZESTARMITPCI & B (1 A [R1RL 1 1) B & 45
RK(dE [dx)MRL TS &0 —4E K] . ANEAT7X5 M A FR SRR T, T LR E B3 &E
IANERE RS, BT REER R AR B . Bk, v DU Rt e T 0. X

FAutAuflffii, it BB JE)/do T UZEBN BN T~ 0.7GeV /i 3 Bl 4 JE L rFIK

— 2487 (2-1)

TEBN & /DT ~1.1GeV /TG HI N 73 3 Hp. FIHJE/dx%$ 5 R Wr, K, p, 45 ASTARK
WP EEHEA, ATLLERN R 25 IRE, FlwkKS, A, %5 3h= 6 HEnr L

-929._



30 S R R 1 E Al SR B

MO0.3GeV /cHIT.0GeV /co X T IR T, FINK*, ¢, A, EIHIRSGFAFT7% 0T LRI
A Y K 95.0GeV /c.

-l
Q

=1 ] | I | I | I

dE/dx (keV/cm)

p (GeV/c)

B 2-8: WHB RN TPCEAMRE K REE % .

2.2.4 "KITEFEIFRMES (Time Of Flight)

STAR Y AT I [6] £R 0 28 3£ SR AETPCI A, B 1204 26 TE AR (Tray ) 2H F, 2R 78 99
B0 K TEM o FEAS KT K 240em FE21.3cm. {H8.5cm, AL #7532 1 B (Module),
BB 6 5 AR 50 (Pad) 20 o B A JE A BT 1) 78 75 T AR 96.3cmx 3.15cm,  #&
ANTOFILA 23040 M EA R IT, SR 55 A 60m? [8, (60, 61] .

STAR-TOFH] &% it % H 7 £ A B BH ¥ t %= (Multi-gap Resistive Plate Cham-
ber, MRPC)¥i AR, MRPCE AR & 5 KK #% 0 MALICESE 30 2H R e >k, FF M
PR AT I TR B AX L, S 3 BRI 1 B 19 53 B 22 62 PER-Of1 PR TOP2 MRP S e il
[ DI, B BEMRPCAE B — R A (P AT B e B AR A, BB AR I0) Y JE J 42
S B R0.22mm B . YR BRI IR K 20em $E6.1cm. EFEN0.54mm, A HLPHR L
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[ Honey comb length = 20.8 cm
electrode length = 20.2 cm

pad width = 3.15cm

pad interval = 0.3cm

honey comb thickness = 4mm

(not shown: mylar 0.35mm)
- outer glass thickness = 1.lmm
I —
—# inner glass thickness = 0.54mm
-]
- gas gap = 220micron

-—PC Board thickness = 1.5 mm

inner glass length = 20.0 cm
outer glass length = 20.6 cm
PC board length = 21.0 cm {

2-9: MRPCZHREREI.

N8 x 1012Q-cm, P KA Z ISR T ER AL HMNEBIERK20.6cm. FE7.6cm.
JEoN1. 1mm, e A SR AR e R A . IR AT AAE SRR R B — A P ST Y R
Yy, MR R E R, FERBIX A A L AR AR B A, T
BT T H A BN 222 7= AR I RN LT, BT SRR 7 A 1 H A SR SR AE SRR R L
1 2R 50 U 3 e R S F A 6 R FL A SRS AR HRIA TOF I %, 4545 T R 4R
T2 (pVPD) M RE ) GG I [ AN TP O & AR K, ) ATH S HORLF AT I ) ¢ A
AT S .

honey comb
1 PC board

pad

electrode (graphite)
glass

|| |
+ é9 9' 1 position (cm)

2-10: MRPC%iHR = KII.
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STARF AT I [E] 4R &5 b o 28 L RIS R T &, T20064F T dh Atk & A2 7, 20104
2 B FISTARBAL b, B 1) 43 JE5K T 100ps[6] . ER-TIJZ \/syy=200GeV d-+Aufilffi
A0 P B ARV RO B K 06 R [63], I AT LAE e, R AT I RER I 28, STARIE X
Fim T 5K T Z 8 73 HF0.7GeV /e e F1.6GeV /e, BT FFIKA T wfF Z 1
SRR I1.1GeV /¥ & 2|3GeV Jco (HR — 12 B2 [F I A FHTPCHIAE /dx % 71 77 2
FITOF % 5l 7710 0] AERL T % 507 Jie 31 58 w5 1) ) 12 X [7) [64]

2

A 500F

: T
5400}
S ;

Q 1.8 g 1.2<p,<1.4 GeV/c
- O 300}
200
1.6 :
o J A
0 '
1.4 05 0 05 1, .15
Mass’(GeV/c")
1.2 Sl
‘.I :u..mu
i) R »
1 el
R TR v
0.8 '
0.6 | | L1 1 | | 1 L1 1 | 11 1 | I
0 2 25 3 3.5
p (GeV/c)

2-11: /sy n=200GeV d-+Awhilf fE AR5 8 5 8 5OM B 5 1) 20 A 11, 1A IR £ P D R FRRE 1 R SR 15
ffm?(m? = p*(1/B% — 1)) 534 o

2.2.5 STAR & ZR%t (Trigger system)

STARME X () filt & F G5t — 4L PR AR W 38 20 A, 3 28 P890 45 40, #5ZDC, pVPD,
TOF/CTB, BEMC, BBC% . 4k filh & 2% ) T e A [F) PT # STARSl & 28 4t 73 v O Al 43
S 1F i Sz 2% (Central Trigger) /M2 345 it % %% (Minimum Bias Trigger). i 30&
H ARk &% %8 (High pr Trigger). JE6 H 5544 fih & #% (Non-phtonic Electron Trigger)%s
HAhZDCHpVPDAL TTPCH M #0977 X, 38 5 i 3% Al 48 7= 28 10 55 W3 4% 1 K ik
B /M 25 FEAF . pVPDIE B2 0% W & R i g 4 1) T A B R 9 TOFH 43t il 48 477 46 B 18]
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8. TOF/CTBW] LA ik il & filf 38 7= 2E f) kL -+ 2 25 50k fi & A0 fill 8 5 444 . BEMCAZ
FTOFMISMNE, & REME BRI R A e B Ep, X ERJT 5 AT % i B & 2 - R
BT

— STAR TRIGGER
CTB Detector
System
~
VORI
MWC Detector
System Operation RHIC Operation Operation
Control  Strobe Control Control
VTC Detector
System
~
Y »|
VPD Detector Tr L 10
Stz o rigger Leve Trigger detector Trigger detector
\ J Trigger Level 0: data .
Data Storage and Trlgger Level 2
Manipulation Boards:
————————————— hag DSM Boards
[
EM T 1ps 100us Level | 10ms
Calorimeter ! 1
' Abort and |
_________ 1 Accepts
T . ! Results from Level 0 Level 2
! New | ! Level 0 Trigger Abort and
| Detectors | Hardware Analysis Information Accepts
Nl to DAQ
Detector Subsystem
B — -
Control/Data Words . [
/D Trigger Level 0
Detector and DAQ Busy ——————
. Trigger Control Unit
-~
Operation Control: (TCu)
RHIC Strobe ————————m»
~ @ J ——» Detector Subsystem Control/Data Words
Trigger Status Info.
L. Greiner 8/94

& 2-12: STAR filik KRG 41K .

8 fik A% 2% 0 9 I 18] 55 (Time budget)AS [F, 7T LR filh & 28 20 8 % B i &
% (Trigger level 0) —Bifil & 2% (Trigger level 1)« B fili & #% (Trigger level 2)F17EFfith &
#%(High Level Trigger). HH1, /Ml 28 BB [0 T 291,508, — M il & 28 A0 i figk
5% 10 BRF 5] T3 43 790 /2 100us M5 ms . PR~ 12087 5 220 ) 1 AS ) A i 2% 2 TR RO 6 F o AL ]
DL 22 B fi 2 A0 35 B4 A A7 5 AR (Data. Storage and Manipulation Board, DSM)#
fis &4 ] .0 (Trigger Control Unit, TCU) A4S o HCHE A 77 5 BT OK B PRAR I 2%
M %cds, I HAARHICKH 80 88 — AT A 1850 . JR05,  FRAE S50 15 38 45 2 4% o
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PTG — B iR 3 — B A 25 R I fik R AR HEORN 43 BT R 1 R ik R AR 0 BdE IR
SRR 8 A1 AT A 14 A 2 IR 45 R 28 1 PR T EAT B o e B i A A SR R
4t (Data Acquisition System, DAQ)FH it — B AL HE, B 2% 5¢ T-STARM & &= 115 8 7] LA
Z2#[65). STARfE M il & %8 [6] /& — > 2E 5P B IR R iR LR, B R FESTAR =ik
7 (Trigger level 3)[66] 1A=l b Rk 1K), ) A SR 28 TP C I 4232k 5 A4 15 S Pk ik 75 22
(Fofii e 2R, N X STAR S M il R BV ELi A28

-34-
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RHICTF 2% i % 3 7F & Sk JL4E ]9200GeV Au-+Aufll 8 B9 5 I 55 5 e 5 35 B8 x
102"em 2571, TM200GeVAI500GeV p-+phif 1 [ R 52 fE 40 M 226 x 103 em 271 f11.5 x
10%2em=2s71, 20104, STARF 2% 7 HTPCH H F % £ 5 3K B & 4t(Data Acquisition
System, DAQ), {3 £ 45 3R B 5 M 5K 17 100Hz(DAQ100) 1 2 1000Hz(DAQ1000) LA K %f
T S8 85 P o 2 2 SR 1 e il R F) S IR B o SR, 2 T Sk ) 2 i A7 A 3 BT X 526
KO 75 B R B A7 i 2 MICPUAL B[R] . fEIX PG UL R, AR E T STAR S i
RBA (HLT) FH ATE LBkt — 3840 (K L01% 5 2% ) AT VLB Bli-fE 4 (Jets, Light nuclei
clusters, Exotic particles, J/WU ...)o JXFEFRATIHE ARSI PRI 23 H13% — /N 43 SE 00 B df 15
WG R . AR PEAR N HSTARSE I A HoR, FEAHE THLTHI S5 . HUTEZ
FTEM . HLTE 27 K e . HLTES I 17 Il 7EZeBkik T/ ORI W) I A A4 555

firo

3.1 HLTHIZE#4 (Architecture)

STAR HLT & 7£ il =i fist A # B9 2 fitll B R Rl Ry, 2 — A BB TR EOR
i A LA o e R TP CHT S 21 10 45 328 H 85 HH R 0 W 1 1 o7 B A B A2 2 LA L 112
78 (Online tracking)F1 = {4 il 4 T (Vertex), I H A B b 26 AR50 HLRE B BE 28 (BEMC) 1)
fE B DURUANR B AT I 18] 2R 28 (TOF) I & i kL 7= KAT I [ 45 02, X Al 488 7 2F R s 1
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Total 24|SL3 machines

3-1: 2010 HFM20114FHLT K45 B ¥ REEE RS9, HLTIE 2 # 4R N2 (HFT,MTD) i
Ao

BEATTELR %0, JRitk— DX FAE L Phik . BB 1IPRHLTTE20104E FI201 14 7E 2R 1 1T 1 1]
NG, Hp 3245 SL3(Sector Level 3)HL#E 61 57 XF TPCHI244 55 X i3t AT M 37 1 42 328
HI, HAMEH B E LG 7 ST RBON AL Pk EBEMCHITOFRIE B o R 24X L5 B
2= BGL3(Global Level 3)HL#s b, 783X ANHr BEHLTR: 0 48 A 2544 i3k 47 5 44 A i & Pk
e, FF HIEPeIE R BIE i A7 . STAR HLT & — AN IE7E W 70RR J& 1 filh R A
R B ESTARR N 28 RS FF M 4k B2 R JE o TEARKILAE, STARUE SCH 23 22 4% H Ik
BZ RN 25 (Heavy Flavor Tracker, HFT) A ¥ 2 7655 (Muon Telescope Detector, MDT)#&
M2, HLTH I eATE IR, M sL 78 28 Bk ik & 30k 50 7 10 Al 8 5 20 3
Hu T R AR . (15— 4R ISR HLT IE 78 BF 70 % & 76 28 K 2% T 45 55 #4J (Second vertex
reconstruction)FE AR, TEX AN ARTEE 2 FSTAR HUTH v] LAFE £ A R & 2 AIFTRL T (na

> ), FHRARME B U 6% 50 A4 T MR (di-A) «

3.2 HLT#EZZEEEH (HLT online tracking)

321 EZXRRBRBEWFE

HLT 175 £ 42 75 3 44 B R 2 T — Fh iy it Conformal mapping[66] 14228 B4 7732 . U
, TX b FE AL T AR AR R A SR AR T kL P AR Il Bk o) = 4/ Ry, =
—y; ) R2 B — B, RENELETUAEINTHERFE. i R, M1 70
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' X; ' Yi
)Ci= R2 ’yi =—}I€2

4 [

3-2: Conformal Mapping 1278 E 4 775

EEE A E AT IUR S B EE RS, (24, yi) B (2, ;) R B AT 5 A2 028 b B
HL TR 17 B e bR« FIH Conformal mapping /7% B MR T2 F2 b, 1204 A A
X R R B EE, — 05X T Primary 2R BORTRA BONIR £, %FT Global 42
P AR b B — A2 ] R AL E N R

o 0.10 T T T T

= [

= [

2 0.08- STAR Prelimenary

= i

o+ 0.06 l 5
"‘-.'_ -

] 2 0.04f ‘ -
= ] L ]
g 0.3 STAR Prelimenary - i ++ ]
£ 0.2 3 0.02- it -
¥ ] B P 2 2 2 E
§ 0-1 —: - ”..'.“00 i

NP T S B IS I T T [ oeeee
= &05 115 2 25 3 35 4 0.00 5555 255 554
pT(GeV/c) pT(GeV/c)

Bl 3-3: HLTEL A0 A RCR AN ) B & 7 FE R .

AT XSTARES £k 4% 775 5 K I %0 2 N100%, I8 i i EEHLTE 26 4% 75 5 K B R
5STARES £k 14 75 & 1 £ R SR E M HLTAE £ 42 78 B Ay 7 i 004k &5 - BEB-3VEHLTAH %t
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T STARE 2k H M EOR 428 B A R M & 5 . AT LLE A T STARBS 4L s Al 157
AR, FEpr KT 1GeV /cif, HLTHIAEL H I KRR TT LLIA BI90% LA b, T 7] 3 & 7y 2%
Epp/NT3.0 GeV /chHET2%.

3.3 HLTTEZRE1THEM (HLT online monitoring)

HITHT A48 T HLT 1 25 46 A0 FE R A0 8 S A 1 7 5 o SR b0 77 DR AE i 36 25030 3R X
IFHLTRERS 1E TAE, FA1E 75 BT HLT R P RS Ml s i (0 0 . HLT () 75 2 5 i i 0l
FARZ Jrim, Hh EEGFETPCIEZLE M F /R EM & . TPCIRZLEATOF L XBEMC
UC T f) 4F 5K 55 o LT Ap I N BT 6 48 00 25 5008 R T8 1) Trigger B 348 55 2208 30 44 I 2%
M TriggerBEAT R LRI . 118 ZHLTAES W B 2 71, FRAT5%6 24— L MTHLTAH
KIIPIHELE T € X : Dea(Distance of closest approach) e $5 12 e 4275 P & 345 T 1 /s
PR, CAEREWR (XY PIR)_ Ef B N Deaxy, 2710 BB NDeay; Primary {2752 g
FETPCHIARE S g R o, 1y HRURE A2 320 S Ao o) S T g Tl ), 8 AP T )
NIEES (DCA)/N T 3em MR FIXNFIT & A i EDCA< 3emidt 8 145328 MKy Globalfz
75 nHitsMndEdx$g BB T2 728 FH AR P B R4 (d E /da) 1 FE Fb P 21 1 oL B8 B 1%
IR

3-4P2 — LS HLTYE 28128 17 19 Quality Assurance FJE . i (a) R HLTYE 28 5 2 ok
f 4% 328 (1 B R A B (nHits) 70 A, 8 BLHE IR L T HLTTE 244 728 5 M) (R i & . (b) S 1
WEREW(AE /do) PN & 1 — 4E SR ER I, B F R I I(dE /do) TE 26 21 FE 28U 15 75 2 R
ZIFE o (c)FI(d)s&Dcall) 73 & Deaxy M Deaz 153 A B, 2% [ HL A (Space Charge) 2 B AT H
TREGRERS L I Z 2 B P BTPCE M R IR A%, I8 Deaxy M Dcay 5y
AT IR 0 5 25 0R A B, PR GRS DL B 7E 2R W I Dca xy Rl Deay K R 7€ 72 75 75 2 80
Z1 JE 7% [A] HL 4 (Space Charge) 38 S B 1 R34S T8 15 o (e) A% 75 R lE 48 = 120 1 T S5 Z ) £or
& (vertexZ) A, ARBIMGLIM B FAEMBITE. (f)2TPCIRELEE M H K KvertexZ

HN
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(a) x10° (b)s x10°

STAR Preliminary 7 STAR Preliminary
35
6
30
5
@9 25
"
b
3 20 ‘B
-
15 3F
:
10 2%
5 1
Q565 ho " hs 50 55 40 45 5 05
Number of TPC hits
x10 o
(oo (e) (fn - —
1200 80 23 i
8000 STAR Preliminary STAR Preliminary 'STAR Preliminaty
60 g
7000 1000 .
40
6000 N
g ﬂaoo E 20|
000 T
5 §eoo S0
000 [3) :._J_-zo
3000 400 -40

(I) E 1 1 LU ) 1 II
STAR Preliminary

05 1 15 2 25 3 35 4 45
tray id Momentum 0

B 3-4: HLTTEZE AT M Quality Assurance K.

FpVpd FE ) H K fvertexZ R BE K . (2)F1(h) 2> B HLTAE 2k 5 SR TOF [ (tray by
tray ) I 1] 23 2 R8RS (B8 3h = OCHE], —# R T TOF/EZRZIE SIS . e —
kI (i) & BEMCI & 2 15 Sy for o Ai, ol IEL I MBEMCH] TAERES

34 HLTBZLIERARE

HLTHE 9% $2 AR I A0 7E 2R A2 8 B K, JF HL AR 5 X 76 28 1% 78 5 M) 9 4T 52 I IS
Mo 2By b oy 7 5 A R B HLTAE 28328 17 0K 50 A0 Al HHLT Al & 20, JATRE T
— B R T B R A% STHLTLE 4615 B & F 2 B8R S04 A7 % (MuDst files), X & F2
FF 1 B 43 NStHItEvent, StMuHltEventf1StHItMaker?E A i34 # H Bk & 1) T F2 7 B¢
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40 =% STAR = fih %k 5

B, StHltEventf 77 fEHLTALE £k 15 B A7 fiff Eevent.rootH) CAFE A, StMuHItEvent #1 77
fEHLTTE 2615 B A7 fif ZMuDst.root 1 3L Y, T StHItMaker Ul £ 51 H H {145 B A& Hinid
FEo R AIXX 3N FRE P AR T4

StHItTrackNode | | StHitBEmcTowerHit

StHItBTofHit
StHItTrack
\ / StHItVpdHit

StEvent StHItEvent

T f}\\,> StHItHighPt

StHItDiElectron | | StHItHeavyFragment

StHItTriggerReason

Pointer <—— Object &—— Inheritance <]

& 3-5: StHItEvent TR 7R B 8] )% R E.

StHItTrackNode

RN

StHItBEmcTowerHit StHItB TofHit StHItTrack

N

StHItHighPt
StHItDiElectron
StHItHeavyFragmen

StHItTriggerReason |<——| StHItTriggerReasonCapable

Pointer <—— Object &—— Inheritance <]7

& 3-6: StHltEvent 7R BREEEZ AR RIE

StHItEventfd & StHltEvent, StHltTrack, StHItBEmcTowerHit, StHItBTofHit,
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StHItVpdHit,  StHltTrackNode,  StHltTriggerReasonCapable,  StHItTriggerReason,
StHltHeavyFragment, StHItDiElectron, StHItHighPtfE P B — & %) & $ 2K . AT X

A E B LA R StHItEvent 3 B2 Ab B =44 /KT (1) — S 4 B B L 355 55 1 firh
R RIS . RERE GG )45 . StHIt Track F T AL BEAR T /K ST 1 ) BE B 45 E AL 4%
R AT, BEM. ZhEZSE W E. StHItBEmcTowerHit T 4 FEHLT H 6 & fE 4%
MIZEIE BEFRERE . nilofM 5. StHItBTofHit MStHItVpdHitAbFH & 47 i [R5 I %3 A1 i
TR AR 2515 B o StHltTrackNodesb BETPCAL 2E FITOF LA L BEMCHL 12215 5 B UL Bl {5
&.. StHltHeavyFragment, StHItDiElectronAIStHItHighPt4) i F - 4b B 5 4 4 1 52 4%
XL DA K i s AR S B . EB-5F1 EB-625 ! T StHItEvent FHRAR /7 bk 2K 2 1]
MR R, BFEHECR. FREFN GAH LA SRR,

] StMuHItBTofHit | | StMuHIBEmcTowerHit|

StMuDst StMuHItE vent

| StMuHItvpdHit

| StMuHItHighPt |

StMuHItDiElectron | | StMuHItHeavaragment|

Pointer <—— Object &—— Inheritance Q

B 3-7: StMuHltEvent TR T B EEE 2 AR R E .

StMuHItEvent & StMuHItEvent, StMuHIltTrack, StMuHItBTofHit, StMuHItVpdHit,
StMuHItBEmcTowerHit, StMuHItDiElectron, StMuHIltHeavyFragment, StMuHItHighPt p&
K. FELLTStHItEvent, StMuHItEvent ] 1X L& pg 38 71 57 b B AL 18 F5 44 7K. &2
K BL ABEMCHRITOFZ 15 2, FF (5 B A7 ik £ MuDst.root 3 1 . E[3-7H1 EB-8F&
RNStMuHItEvent 24~ R EEZ I < & o
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StMuHItBEmcTowerHit

|

StMuHItHighPt
StMuHItDiElectron

StMuHItHeavyFragmen

/ N\

StMuHItTrack StMuHItBTofHit

Pointer -—— Object &—— Inheritance Q—

& 3-8: StMuHltEvent AR R 2 MR RIE .

StHItMaker ) F £ AF FH 2 B BUHLT B 2615 BA% 45 StHIt Event 1St MuHltEvent,  Jf
R AAFE R BRI BEE S . BB-9R /RS TAR B R B4 1 A2 i 72, STARES £ B 2E ik
i 2 2R 2 & b & FF B Maker I Pt S 56 804l B0 & A3 &, R M Maker 88 H C
(1455 [Fchain option. BFChain AL 35 % F & F£ Hchain optionH LA 8 B I 451 HXT B
[fiMaker. FA1E X StHItMaker[fichain option JNHltMaker, it 7EBFChainH in A 5% 2

FrHItMaker, FRATAT DA% il 7 B 28 £ A8 Bl R StHItMaker 1/ H 5 75
3.5 TELZLPET /IR REAEH

STAR HLT7E20104F F120114F 18 17 A (B 78 2R fi . T J /o A4 FIE [ W) i 2 4% (2 B
TN FEE . W TR T EE, HLTS ETPCE N A (no, € [-0.3,3.0)). TOF% 5+
AR(]1/8 — 1] < 0.03)FIBEMCE 5 AR (p/E € [0.3,1.5]) %5 H IE LT @il J /X
F(di-electron) BRI : J/yp — et +e” BT/ Y, flRI/pFrE. EB-10] (a) RIELE
MR T oA ERE, FPEaLEMBOARX s IES SHTARS B TEMNH
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StHItMaker
Experiment
File
Production
—
BFChain (HItMaker for StHItMaker)

StDAQ StHIt StMuDst

Maker Maker Maker
StDagLib StHItEvent MuDst

[l 3-9: STARBZHE LR ERER.

KIME ST, M2 3.1GeV/c* KA BEHLTAEL B K T —MRIFH T/ RIA
AR J R . HUTfi e (B ) B A% S A A B, R P TP CAR I M 45 21 iR KL 1 Bl B ARL 1
FETPCHIREEI K (AE /dx), T H MR T B (dE / do) LB AE A W FE 10 pres
R %A nopes > —3 BRIl R (J) B 4% . EB-10] (b) AHLTE K H K 1 Be 4 F1 3 & 1 —
HEOCHRE, Bt =M AERRHLTE L AR & A (R) @ 3.

R, FRATSHLT b & 10T /R () 58 A% (0 S 36 K008 AT 7 A7 40 AR RFF 5 0 4
B F A 20108 HLTfith & 153 0 BE 5 9200Ge V1) AutAw Filf- 45 =5 51 R 5 O All 5 B &
H62GeVIH) AutAu Fifil, FATRKIT 16N RYTAAE T, 455 STARERHALEOTHERK
W24 AR ZABT) (X HTPCE A J7%), STARILRI 718N RMFiZ4. FATHIHE 5L
SRR T B SRR S I O, WE AR R R R AETEE 1 A 4R (Nature) 24 &
Fo N8, BATKHVELINHSTAR K B BT A AR 5256 5045 /0 #r T A%
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44 =2 STAR =il 2%

(a) ®
30
60 .
- - opposite sign 25
50 T — I
C — same sign [= r
(7] C Q L
E: S st
o 30 c C
© % I
20F w 10 -
T I
10 51
c 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 0
1 2 3 4 5 6 5 4 3 2 1 0 1 2 3 4 5
M. Momentum

3-10:  (a) HLTIBIkJ /000 T (dielectron) 345 26 £k T Mg 1K 1.7/ R A5 ke . (b) HLT/E4 &
a5 R (A /) RVRIEEN T IERERE, 4160 = f 0 MR HLTHE AR 1 (nopres > —3) 8 ()AL
BB
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) )5 %A (*He, @) B B A OB (D) AN b7 (m) 4, 2 — MR 1 IR 5 &
T#. WL, *He £ 5 KMIEH T L E#EFITPCHMTORM A K EZAR. %
56 1Ay PUR) A 42 28 CETPCH ) BE 5 ((dE /da)) AT OF I & B s 1 AT B[] 5K 45 731 He

o A EiR %00 757k, STARSEZIG 2 7E20114F & Bl He 7 7E FIAEHE o A 22 AR v 4
PPIRSTARS S0 20 & I He 1Y AE, A3 FH 21 (B4 28 RURIAR T8 % 26 18 . "He BL 1%
Bl ‘He b FM RN, “He M SME . “He FIAE =GN R AR ZE T

41 HREEARFPE R

fERHIC 20104F H) BE R H i 47 ", STARSL I 4 R &£ 7 K& i O /it =
HN200GeV. 62GeV. 39GeV. 11.5GeVHIT.7GeVI¥ Au+Au fif i F 6] . STARS B fi &
#H(HLT)LE it -0 B2 2 N200GeV. 62GeV T £ 4 3 441 v 45 7 fid & Bk ik 7 16MAN4.4AME
AT/ BB E KL T (high pr) MR)%E % 1 RE i 98 #E A o AT R THLT fik & 1
IX B filf i ) 34T T He AR 00 B 0 B AR, R BT 0 BE & N200Ge VI Au+Aufilt
i H04% B BI15AMHe B/ F A%, 53 AME R L B B ON62GeVIAutAudill 8 E 4 Ok
WIAHe J8 71 TEEUE 4 0T IR v, D T3 4 A O R R e A R R R
145 38 AR B I (Beam pipe) 3| &2 1935 5, F0 AT ZE SR F AR [ Bl B T |V 2(TPO)| <
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46 SR ORI EA(THe @)

30cm, |Vz(pVpd) — Vz(TPC)| < 3cm, Vz(TPC)MVz(pVpd)s: a2 TPCHpVpdHE & H

SR PRl 338 T3 Ao
dE/dx PID method | tof PID method | Invariant Yield measurement
primary track Yes Yes Yes
nHits > 25 > 25 > 25
nHitsdEdx > 15 > 15 > 15
nHitsFit/nHitsPoss € (0.52,1.05) € (0.52,1.05) € (0.52,1.05)
n €(—1,1) €(-1,1) € (-1,1)
q* gDca <0.5cm < 0.5em < 0.5em
p/|Z| >0.2GeV/c € (1.,5.) GeV/c >0.2GeV/c
pr/|Z| > 0.2GeV/c >0.2GeV/e >0.2GeV/e
X2 < 2. < 2. < 2.
no i, - € (-2.,3.)
tof LocalY € (—=1.5,1.5)em € (—=1.5,1.5)em
tofLocalZ €(-2.9,2.9)cm € (-2.9,2.9)cm

“He (%4 3B i 78 F 22 A 7 A2 [ Primary Track. 4T FEK4He
HAZWELL, BAVES IR 2 TR Z Weuts% fF, BARFITE T RMA1IP . T HFHRA]
Ao R FnHitsHnHitsdEdx MY E XA F—FH i
A5/~ 3 S nHitsFitFinHitsPoss 73 5l 78 FI A 42328 BT F 21 1) HL 7 A~ BoR A2 328 vT A

R L P A B cuts 2k

(EECHIEINS IS

FE) R PR LU AR AR TR R 73 SR AR 5
ARSI TPCR VL A s AR I8

1E HLRL T 55

A IE R T 5

= 4-1:

cutsZkEnHits > 25finHitsFit/nHitsPoss > 0.52F K FRTPCHE

JERREZ (2 LILBR3R) ] < 1.

HBWSH, RARTBUE MR BT,

S

- 46 -

MG A A Bt b B AR e 2% AT o

R(dE [ da) {153 W5 o no e, W7 I i B i) 12328 8

EIN=A
H 1

RERS PRAE 73 H7 BT F 2]
& AR A FAE B (Beam pipe) 22 7 4
W T SORL 32 AR A 3T R AR R e A, P DL R AR 0
AfERA B K MgDea. FIHcutZ g « gDea < 0.5em A 2 BRIR K —# 4> Beam piper”
XKL T, q* gDca < 0.5emAEATLMFRFIEH;
BBEEE T1L0RYARL L S5 BE, x* < 2.07]
PR Z S ENRL: nowp/a € X AL In((dE/dz)/(dE/dx)P) HH(dE /dx)B
FEEAETPCH e I IFHESS], R

H. A
242



S rie X 47

A He REAR BRSO 25 K/, BT BAH R4 54 He 5 tofLocal Y fltofLocalZ 43 il /& toff5
SRR R T E T EA B (TOFE: A #.78 N6em K 3em B AR JE &5 #4) . F Fcuts2k
f:|tof LocalY'| < 1.5emM|tof Local Z| < 2.9cmW] LAZ B AL T TOFE A Byt il A4 B KIS

B,
4.2 “‘He piFE£5

421 (}i)ﬁ*andE/dx1E1|§.l—.E

bR E] T A R0 gm0 I05E X B (B da ) W AT 2 16 85 K/ o
el T 5K 11 T200GeV Aut-Au HUTHHRREAR T (fino fie, 534, LA e — M %
BHTIE AT o P o S 0 S22 AT 0, S 2 2 AR 2 Kl R AR o A IE 7 PR I, T e
FEA RS He AIPTe $97En0, s, % T ORALE e, B Enoy e, Meut T3 341193 He
F1He FEAS.

10° L
STAR Preliminary
10°
Cuts :
04 nHits > 20

1 .
» nHitsdEdx > 15
c p/Z|>1.5
= 3
8 10

—— Positive particles
—— Negative particles

-35 -30 -25 -20 15 -10 -5 0 5

He
NG yEax

B 4l nolfls, M, I 6SHAR BSs BUREE IE Sl b T

455 TOFcuts sk AF, A1 2) T — > 4i*He A1 He K048 BE A Mino, 17, /0 A o A5
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48 SR ORI EA(THe @)

E 04 a0 R (A dr) WA 5 R BN 4045, HoBIAAELOZE AT . (22N
il 2T AT LU R B B ot AR, 3L B M0 0.6
T10. FRATN IR Jg 2 T4 IR A (6 (A dr D) 19 (A ) 20 BE AR B i 45 B 3R
F T (6 (A dae) ) TS MR . FRATT N IR B 0o B0 T HEIE, 55— AN
(9100 KI5 DAO.GOAFEN B AT 605045 o A5 I S o e, VAL SR 7E 1.0/ 45

600

B x*/ ndf 87.68 /47
- Constant 552.6 +7.0
500— Mean  0.1364 +0.0071
- Gaus Fit Sigma  0.6675 + 0.0049
r —— Before reCorrection | ¥ / ndf 63.19/47
400 [~ — After reCorrection ' : Constant 3649448
» o l Mean  0.1905+0.0113
E - Si 1.008 + 0.009
B igma . +0.
=] 300—
(o] o i
(&) O .
200— —
100— —
0 I sl o
5 4 3 2 1 0 1 2 3 4 5
3
He
NG yE/ax

B 4-2: #Wnogp . M1EIE, & IE/E 65 ?ﬁ)nozgfdmﬁ"] L& 2 HoR0.664 4, 18 IE 5 (4 & 4
ﬁ)nazgfdx%?u%%%ﬁa%l.oﬁﬁ

4.2.2 *He BYdE/dx£ 7

) P -1 d B/ dx % 591 (i cuts 2 5 AT LU He 34T % 5« RE PAAE /dx A W1
BE(p/| Z)) oA B o B ol o s R 3 €0 s R HLT B % HE Ok 9% He (*He )14 He (1He ) H%K
FEREA, KA TR F200GeV Aut-Au MiniBiasHI IR REA, B FSRAE N 4 51
[15% . BASER SR TAE/dx B 2R [58] . 754 E P 7E He dE/dxHE i it 28 i
AT DL B — 5 AR5 2 4 He 1075 . 2 BT EMRBENIFE X $(p/| Z < 1.4GeV/c)3Al]
RILT 4He JEF 4%, HARRENIEERNMAI AN He ok B 20074 R FEA[6T] -
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Positive Particles

({ dE/dx ) (keV/cm)

p/|Z| (GeV/c)

4-3: FILEEIARENIEE (p/|Z|) oA B, 0t SRR 3% 8 SUR HLT k% K (13 He (3He ) f1He (YHe )
BARFEAR, HTFIRZHHLTELPGE S nosy, > =338 KO T2 5K H200GeV MiniBiasf) %4
FEA, B FRIE N B LGNS % ., BESL R SR TdE/d<B e {E 2 [58] .

TERENIE B = X 38(p/ | Z| > 1.75GeV /c), 3He F1*He (*He F1*He)HIdE /dxfE 1 bt 2
SART, dE/dx% 5l 75 72 Jo % 4 HE Sk G NI B IX 38k 4 He A4He. 31X B A 7 22 A

HdE/dx+TOF %51 77 1%k % 5l* He F1*He o

423 (R)BAZKITHIEIR TOT Slewing {E1E

H FHpVpdF fH 1 All 48 A1) 46 1 18] (g ) FHTOF M 5 3 ()42 75 R AT 28 1B IS 18] (Tyy0p), T
MIRENE AT B4R N7 A HRIE  RAT IR TR 28 10 RAT IS B)() . FES S TPCI & B4R &
ITHIBRAE (L), BATH DTSRRI AT (6). ARFIEIE A m? = p*x(1/62-1) (&
K P p AR 1B &) T LA BRI &, AT AR IR BEAT 4 ) . EE-4PE20104:200GeV
Au-Au HUTH B A 45 21 (10 12 728 3 5 (3 BORT R M B2 ) SR BRI, P b AN TR ) s 1 s
AR TR0, W] W T MK T 8% 0 B £11.6GeV /e, MK ST MU 5 7] LLE 5
F3.0GeV /co B PR A F A S5 7] S5 BOR AR T S5 B K107 55 AR B 1) 23 A7 1

HI T ™ 44 T TOFMI L 7 %595 J7 ¥, S¢bp L SE 48 b FHTOFRE A7 KL ¥ % 71 2555
X pVpdMTOFBEAT 2 4> J5 1 i 2 B, X 26 %) i A H5T, Correction. TOT Slewing
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50 IS RIURYREA(Ho,)

2.4
2.2

2
1.8
1.6
14
1.2

1
0.8

1 1 . 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0.6 0.5 1 15 2 25 3

Rigidity (GeV/c)

i

1/B

B 4-4: 2m%mm&NAmAumEﬁﬁﬁ$¢ﬁﬁm&"E@ﬁﬁ%%ﬁ%%ﬁﬁ,ﬁ¢$@%%¥
FoRAFBRL TR B R PRI BAT 45 R S 0 OR (AR 328 o B )T 7 S I BE R 23 AT B

CorrectionfHit position Correction%[68]. %I B 1) 32 B 5 K 2 TOFM & | 1) /232 ¥ AT
I 061D TG 351 45 98 1 22 50 (to.f — 0 fuupeet) R To R I 38 I 1) (TOT) BL J2 45 5 #ETOF 55 76 47
B4 B (Hit position)# B A 1R 58 B8 1% . TOFZIFE B H B9k 2 A e % R i
T AR A o TOFZY BE AL B 02 28 i) n B o e A o M\ IElA-4ln] LA Y 21 )2 45 R TOF fg
5 1R 47 1 25 5 i /e F A A 7 CL R 7o fH 20X A 3R B 35 Ty 21 B 2 55 R R AT
PLE IE 25 BR 5 B R T-(PHe *He ,*He F14He) 11X Fl 4K #i P o SZI6 b 0 6 45 #0747
TETOF R IEAR _EAEAE £ 77 A BRI L T34 5 A gt 1) (TOT) o [&4-5] E 112 He AP He
MTOTH A I, FRATE 2H 1R K —#6 5 1I°He FI*He FITOTK T-30ns, M A ik B 5 F
ZI FE Fit FH B ok F I TOTH: A ik A 230ns RN T Ak 1 2 E S5
Z J5 [f3He F13He tof — tofempec I S M TOTH) K BEE . FAT AT LLFE 2P He F13He
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(KItof — 10 feupec B AHXT TOM AL B i 2 1 F 35 K £9140ps, A7 2 5 He FI*He 75 ik

ffTOT Slewing Correctionflitof — to ferpeet BEIERN0HIFI E

~3He +°He

TTTTTT TTT
Counts

=
TOT (ns)

Counts

°
o
N

TOF - TOF,, oy, (NS)

e
o
T T[T T [T [T TIT [T T[T
I —— "
+
+
2

e
(3]
N
o
N
(3]
W
o
W
(4]

TOT (ns)

B 4-5: L[EZ%He MPHe KN W TOTHI 7345, BT AR ATOT /0 4. T ERENH] 123 T Z)
EZH )5, KIRAFAERI He F13He Hitof — to feapect W TOT RIS o

I Ea-eR, BATFHSTARFFHETOT Slewing Correctionf 5 %3 He M3 He ) K47
A2 J5, 3He F13He M5 &0 A O A E R 1I2.734 GeV /2 F R £2.806 GeV/c?,
PR JE E 23 He LB E2.809 GeV/c2,

1.2.4 “*He BJdE/dx+TOF43I

FEH H 43 He FI¥He FEAS () 484Z KAT I A BEATTOT Slewing i 21 [Z 2 5, AT
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52 I RIR YR (e a)

700

- %2 / ndf 287.7/57
C Constant 4715+6.9
600— Mean 2734 +0.001
[ —— Gaus Fit Sigma  0.0739 +0.0007
500— —— Before tot reCorrection %/ ndf 265.7/57
- — After tot reCorrection Constant 518.1+ 7.5

- Mean 2,806+ 0.001
400—

C Sigma  0.06731+ 0.00066
300— —]
200— -
100— -

oL I N Tl
2.2 24 2.6 2.8 3 3.2 3.4

Mass (GeV/c?)

B 4-6: *He f3He 1 KATHS I TOT Slewing i 2 Tl 5 BT & 0 A ARk, T 60 SL 2 98 15 2 1l (K 20 A T
AL SRE MR IBIE Z S5 B3

AT LLE I 45 & dE /xR TOF % 5l 7 ik % 51 He F1*He 7. 472 HLT 200GeVHI62GeV
v Au Rl % 24 o 45 81 1 F R 5 8% Fno e, Rimass®/ 2245 A5 B, F T Wk B 43 3t
82 iy IR WA R T AR R . fE B, JRATTE BPHe o *He A13H KL 43 ) 4k T I
AFWALE, XRYIAE/dx+TOF4 5 J7 ik Be W AR U 1 70 et OB A% . B R HL R ¢
39 F 3 He fltHe Wimass? /2RI ERAE: 1.97 GeV? /M RI3.47 GeV2 /ety KRB k48
Hno e, = OMALE . AT UUE B Eno,fl) = 0Flmass®/22= 3.47 GeV?/AMEAFHER
— iR He KT o BT T HER 2R 0 5 M S B % B cuts 25 AF - HISR¥E 5 He fcuts 214
N—=2.0 < no,fle, < 3.03.35GeV/c? < mass < 4.04GeV/c?, g # X R He 4

AT i30T B X L % R IE R Ino fif Almass? /22 5341 o

FEMIN T 2.0 < noylts, < 3.0Mcuts& 2 J5, 10 4 BT 30X bt T Ll 4g
F3He . *He . *He F*He () )5 5 29 75 Bla-g, P o 3 5 0004 3 A 43 34 4°He F1*He,
1T 35 €5 P i R XU ) 43 5] A3 Te FI4Te . 7T BAE B0 R FITOFTT BLIE W ) 4 7% i3 He
F*He LA J¢*He F1*He o £E20104F, 18T 43 HTHLT 200GeVAI62GeV Au-+Au filf 1 £ 45 #

-52-



S rie X 53

o Qoo

‘\Hi—-LHl\\\‘\\\‘\\\‘\H‘\H‘\H‘\H'H\‘HJ—

o
:\.H(\H‘\H-\Hl\\\‘\.\\‘\\\1\\Q‘bu‘\\\‘\\\(\\\‘\\\-

24 6...8...1I0‘..12
mass?Z? (GeV/c?)?

E4ﬂ:Hmnm&wﬁmawAmﬁumﬁgwﬁ$¢%m&%mmg%jwme£%ﬁE,LTE%
TS IS B IR FLRPRL T, FETE T HEZR TS 2 00 %% () AL i cuts 6 £

- “Hei(°*He) :
102? : é
QT ]
c | i
S
SRUS 3
1ﬂ H _ |
2 25 3 3.5 Y
Mass (GeV/c?)

4-8: HLT 200GeVAHI62GeV Au+Au filffi 55 B A sh A5 21 (52) A% 10 o 270 A B
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54 B E RIS R AA(*Ho )

A, STARMRI 7164 *He J& T4 .

43 ‘He flliEEHER

4-9: STAR &l S 0F 10 = 4E RoRBOR &L, 1B b AR AR K (5 AR G544 2 STAR K B KAT I [a] #8301
s ERI I (R A . AR AR IR AR F A (4 He T (L AR R R T R S
B T *He Z MU AR .

FATHI FISTARFRAE 1 31 FE /R F AR 20104 Fir & B 16 He JR-T % R 47— —
SRR, EMOJESTAR Au+Au RS04 10 =48 s SR B . b A IR K £ 5 A
REEHY R STARK A RAT I (AR 2%, AR I IR LR = 454 . ZL (AR AR XAk
BRGI T He, 48 ORARZERR T REHEFG PR T He 2 AMEHABARILE .

BEAb, BV S AR TR TR B T i B A 56 A R
- 1.0V P 1 1B 2 A R 7 P run number 911042004/111051001 (14 He 44 (ITPCRE TR -
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S rie X 55

4-10: Run number 110420041 —MHe FHMTPCRERE, KB4 @ AMCHIEERI N He , H
b B ) (] R 3 o BE 25 1% B P4 He 12 7285em N HA R 8 5, ANRRIBE R R ETEE ARS8 K

/N

RunID | EvtID | Vz | RefMult | nHit | ndEdx | p/|Z| n ¢ | dca
11042004 | 32163 | -3.15 204 44 22 1.89 | -0.16 | 2.33 | 0.35
length X2 noig, E tofZ tofY tot tof I3 m
193.83 0.69 -1.03 6.63 0.39 -0.15 | 20.30 | 9.95 | 0.72 | 3.66

3 4-2: Run number 4110420044 —~*He FH-HH MR

P e e 3 R IR B B OV TP O B AR P i, RS TR 45 4 2 TPC 24 B3 T, M
TRARTT 1A A B AE AR TP O N A5 o [ Th 20 S AR T F R I 2 B B4 v 4 He 4228
WO B 2R A 2 5 SRR A 1 i, Hoh B AR 7 2 72 He 42328 A Bl 5em ) ¥
N, AERREEERIEARE B RN AT IR 7Rk k5 He 421202 15
HEr X X B, AU R PN He F4F, HART He FH4 1 s B R M5 AT A
B S AFH B % B
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56 I RIR YR (e a)

10 N M
1

T T
|

I
T

%] 4-11: Run number 4110510011 —4He FHEMTPCRERK, KA RS IR RI N4 He , H
Al e ) [ Bl 3R s B B 1% E i A THe 2 5em 2 N I AR B 4, ANSEFIB R s 2 A AR sh &K
/N,

RunID | EvtID | Vz | RefMult | nHit | ndEdx | p/|Z| n ¢ | dca
11051001 | 331536 | -19.09 204 36 22 1.10 | 0.55 | 1.14 | 0.10
length X2 noag, E tofZ | tofY tot tof B m
197.30 0.81 0.23 1.90 -2.82 1.22 30.06 | 16.16 | 0.51 | 3.73
% 4-3: Run number N110510011—*He FHEAH M .
14 ‘He BRWE

BT T 18 7 He IAE/dx %5 5 EMTOF X5 %, AT RATE £ it

L1 He 1R
MR AR . b EA-TIT DA H Rl o e i 5 e ) RO He T . H e i RS e
T EEA AP

— & HTOF B AT I (] 0 8 73 9% 236 F il & 21 i) He Jot &3 A A A2 5%

B, —RRHTTPCHE R He 2 A TOFE 5 14

PR (Mis-matching) B 4 i (1) 71 55
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S rie X 57

|:|}|||||||'

‘He
NG yE/ax

]

jury

N
[T 77T

|||||||||||||||||||||||||||§|||||||||§||||||||||||
05 1 15 2 25 3 35 4 45

Mass (GeV/c?)

a-12: IFISEAIHe B KB HUREA 1 0 R 0T fomo e, R LR 40 . [ 58 1 4 R 9 Hle
FitHe MR REIS M, KPR Rno e, = ORI, 47%70r He AitHe MPbA A1

O
ml

T 3o (¥, 3 R B IR 440 B g A5 o (R 4 A7 4 A 4 e bk IX W B e 1Y
B 0TS — R G TS B, BATIR I 4 3 He RE AR i — 45 He BB TG AT R ] ¢
I FTRE A HASTTe (0 K AT I TR (RS ¢ — eeopected (i 43 A S il it — A BB 0T 1 R AT I
143415, AT 75 38— AN RIS e i BN A1 o HARLiy, b T 8 I R i Y S
AT FH 4 Fry3 e B A o 45— 43 Te 42325 9 G AT I ) ¢ 1 53 41—/ BEALRE A o T 5 72 28
[) ¢ — ¢eopected [RRISFE A 85 AL K He SR 20 A . P12l P SR R 77 VL 34 H SR ITHLT
200GeV Au+Au 5o Hino, e, FIFTR RIS, e %5 He M He IPbiE 4. ™
DUE ), A R 3 e 5 B 4 A A A ) T 4 e Pk X e R 1y 5t e i — %)
FUSH3He REAS (97K I FLAR S Bl T DA 3 3L 5 B0 A . PR3 i a2k 6 R HLT
200GeV AutAu Hr 9256 HE 43 51 (05 THe FI1He 155, 2164 pE 2 2 300 4 3k (93 e R
BRAAT . 7EHhiE e 5 R P ) B M SR B3 He 5 R 23 A AR 40 U A3 B He 75 5101

A S B EHLT 200GeV Au+Au FHEFE A 11540 He F3He T8 1 5 o814,
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58 I RIR YR (e a)

45 e e e T T
40

35
— Data

30
---- Reproduced

25

20

Counts

15

10

[ pon ol |L|.J-I

TR N i s g
0 05 1 15 2 25 3 35 4 45 5
Mass (GeV/c?)

4-13: HLT Au+Au 200GeV HIEHEEA P AL K BUR 20 A, i G SRR 929045 3 K9P He 14 He 1)
55, AOEAREM LRI He 7041

no N(@) - B | N(a) - B | Poisson(n,b) for @ | Poisson(n,b) for a | N(*He) | N(*He)
[3,3] | 17-25 | 26-55 1.609 1.7¢10 2956 5904
[2,3] | 15-14 26 - 3.5 2.6e~ 1 Lle 2917 5854
1,3 | 11-057 | 21-16 2.7¢ 11 1.2¢716 2562 5242

& 4-4: AFno A T He M*He B8 5.
FJ H 4 43 A (Poisson distribution) th 5 Hi*He i %51 () LA L R10- 2 4L, XN E
TeolfE 5 RFM. AR HRFERIE R T ARno s+ T4 He F*He 18 50E, Ak
gE A R, RN RATI S H, EHLT 62GeV Aut+Au B REA 1M He iy 5

H0.05,

45 “‘He I =502

N T RE A B TH SR 45 R BEAT LEH, AT THLT 200GeV Aut-Au H O filf 2
H1 [ He AL B FRATE S0 1T O IR EE X (In] < DR PRz &AL (pr €
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10° T . |
10 =
< 1 P ,9 P
© 10"
9 102
Q ; d
L q0° ,O
-é; 10':
o 10 3
o 10° 3He ¢ He
& 107
% 10® Eagga ‘He
“© 10° He ’
107°
-11 | | | |
1076 -4 -2 0 2 4 6

Baryon Number

B 4-14: HLT 200GeV Au+Au #0584 10 848 7 UM 3 T 40(B) 9401, (JR) BB NP AR 1
OB || < 1AIpr € [0.75A, AJGeV/cTi M A5 . IFRBR T 4He fl*He 2 4h A EESS H5k
(5069, 70]. A4 R R HBOR ST BIXE BRI, RIS R B AR R AT 2
WU REUAGER 2, RERER/NREER L.

(0.75A, A|GeV/e, ANEREIFREE) K He /> He M*He/*He M8 . I EFE G B 2 5
TP CAE 25 4 R % (Tracking efficiency). TPC#2EZEFITOF #IHE % %% (TOF matching
efficiency) PL & HLT ) S 38 4% 1) fil % %505 (Trigger efficiency) #0M ELIR « &3 %]*He /*He
F4He /*He HIELAE 251 8 (3.04£1.3(stat) T3 (sys)) x 1073 H1(3.24:2.3(stat) T 5 (sys)) x 103,
Gri AR T B AL S IR AT S R AR H W) & [B4) . 7E193 T “He/*He #1'He/*He (1]
LUt )G, 45 & STARZ AT & 2 ()3 He F13He HIAAZF=40[70], FATAT LAFS H4He F1*He 1
AR, B N (8.6 £ 3.8(stat) 59 (sys)) x e F(3.3 + 2.4(stat) TS (sys)) x e,
SR AR U K B0 R G R AR T IR B 5. SH S H AR TTIR . SRR A
MORMIOAR ELAE R BRI AR B P T IR SR RS 2 R R R, RATT R TR R G iR
ZMPEAT . BT T BB 3R AL (pr € [0.754, A|GeV /o) (R) BIZAL =5k &
#H T4 (Baryon number) 1 fi o« B ER T 4He F14He 2 #b ) HA I & 45 5k 5 [69, [70] -
X (R)ZEEZ A AR, BRI — A RO B RBR A BRI AR A
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60 SR ORI EA(THe @)

BE1.6700 x 10311705 x 103%. MESRERNBE T RIMREMRFIRZE, HEHT R
Giig RN, B 2RISR E .

FEER — B IAINA T () B E 7 BRI AU WO A R
TX ST A R AR (S ) Ak AN 7 A e B 1Al I o Fie R BT v — i, 4
AR R AR H TRl R SR A RIB B AR A B, %1 22 18] H TR e A e
B E B MR (R) EZ . BIE(R)BEZE RN LR S MEE LA 0% 7 A= 751
SRR AT B A —T5 T, G RR R A e A A ) R G — N
NTHIRIE, BR)BEEE—ANEE = |Bim,M— 84k, AR RS (R)BZEIL
RHPIREE R T e FTRE . B AE —MEECR AT )y 5 — mRATRE]
R REAFAE I () A M LA O P AL, S8 F0x (5) A IR AN AR P i AT I R A A 36
XA AN B — MRIFRI TS () BRI =B T 37 B oA b, AR i
TRHUT BRI S5 B9AT 9 E A 7T BE 2 X AT I AE LG B o FRATT &5 RAE 1R 72 V0 Bl N A
SCRAAFAEIZFPFT I AL A 28 o [RIINE 3RATTIE A Y B T3k 3l 7y s e B AR R AL 5
BRI FE (S ) Az i P2, AT B R TH S 45 RAR ST IR 1 STARSE s Bodls, T —
B AR LAEE VRN 4

46 ‘He AZFFMNEPHRGIRE

B 593 %01, HLT 200GeV Au+Au H 0 il f*He F1'He A48 7280, J2& i I &
B f)*He /*He M*He/*He HLAH Y5 2 1 I & 2 f)%He F1¥He ) A28 7 #[70] 30 45 B 1
Kk, “He F*He ANA2 7= #000 & () R G0 22 TR H WA 4. — & W &*He/*He
M*He/*He LLAE T TR R G R %, XL R G0 %2 @45 He M He K85 FEM . K
0 &5 44 BE 0 He A0 He W MRS AN [7] 345 B AR 22 59 EA K SR R SR U048 T8 AR LA AT oK
ff13He F1*He AN [F) 51 A2 K 2250 — 5% 2Z B I & He M15He F AN 38 7 #0715 2K 1) R 48
W7, BIETPCAR M 5 R R 22 LK AE Hpr#2.47GeV /cAb *He FIPHe A2 7 4
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ST it X 61

Hpr2.625GeV /chb (M iZAd FH ) FP He APHe A F=4GE BN ZE R . Nl ——5H T E
IR Z2 R 2R 1 ) Dk

e (a) *He fl*He M SMEMTH, XF*He F1*He WA 400 &34 520 (-6%)
(b) RIS 4 KE X3 He A1 He TS RIAS Rl B 225, AU " He AN = 20l &4
oM (4%);
(c) WV SR A8 T8 A ELAR 4T SR i3 He F14He (Beam pipe) ARSI #EAIZE R, 1L
X4 He AN BN E A R (-5%);
(d) TPCRLEM R IR, STHe Al*He A FFN EIE W (£10%);

(e) M Hpr#12.47GeV /chb [113He F3He A48 5= Z F B 24 48 H iIpr 92.625GeV /chb
[¥1°He F13He /N8 7= &% B 1) 22 0], X4 He F14He [1) A A8 7= 4500 & 35 45 52
(-12%);

XL R R LR G R (at+b+e+d+o) T UG R S R RZ . X1He R ARG IR EN
+10-33%, XFT*He KRG iREN +14-28%
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S0 R EA(*He )
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FhE (R)BEHRHERFE

S bR B H FI4He 7€ 4% W 31 ATUORURL T B A8 7 AR TR ORI R .
BTN 2R 0 g 24 45 1 B R 53, [54] RN £ A i ia AR Y (AMPT) 41 & #58 R TT 0 5T
T (R)BIZA(R)BIZARR =80, AR R T Sei BRI 4 R . EE—R’Rm2, J.
Steinheimer%s A 7E A [A] B8 & N ) FH UrQMD-+I 14 8l 77 2 38 A0 T8 & 1 8 5 2 & A 24 4y Sl
VR TR AR O T AR AZ AR, R B o A R AR R A B B T A B
W I72]. ERAT TAER, AR ADRAGONZE KF K B 7= A= 2310, (11140 Hi ¥ &+ 0k
KB 73 % i P A5 A (Blast Wave model) (1958 140 25 ()45 5, i 1 5 (¥ 24 & HL ] (Naive
coalescence) B 7L T ()M (JR)#BAZ LA K UKL T 76 A X i 25 528 7 ilf i v 0 72 A
RURIF I HA T STARSZIG A SE1p v Ay A 3He. *He [Rpr il A1) EAZ IIAR X 77
B, PN 7RHL 3H. *He. *He MAAKL T H)pr 73 A M1*He/*He HfH . AT TR T
T B 70 5 ph i R B A AL B EIR T EAE R, BRERFIAEE L, HAE R
F(Coalescence parameters, Ba) ()4 Z AT HAE 25

51 DRACONF4F KT =AY

DRoplet and hAdron GeneratOr for Nuclear collisions (DRAGON)[10, 11]Z ¢~ %' /=
Az AR VR X 10 B TR A 7 AR B K BR T AR 2 W B (Fragments), K ERA B AL AL
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64 FhE ()BREZN G E

111
vy

5-1: MGG B TREB AR, B Sk For th RSP O B SR B . b 1y 23 25 2 [
{5 B AN R A RS 5 bl 1 7 T

BT DL B ST TR AR Bl 70 2 e AR R AR R AR Y R B TR
PP, R G0 0LV E R B, ) AN AK o A R AT R B D) SR AR T, P YR ) e
JEE R A JE po R po» T ST 1) 2 20 R 2 [) % 1) S PR DKL 7 Rla, - BA ¢ Bjorken lifetime
TR IR o B TR ARl AR K BRI AL TE B, b by 53 3l A2 223 i) A B R A R 41 T 2
i 3 52 s BT B 7 AL £ o R G0 T R AE S IR AR AR B R (r, s, mp, T) SR ZN I, A B S PR
J (space-time rapidity) n = iln[(t + 2)/(t — 2)], A T[] (longitudinal proper time)

T = V1?2 — 22 (EAXFIRARA R ZR T R GEAN A BAAK 1 DU W] R RO

u,, = (coshncoshp, cosgypsinhp, sinhgpsinhp, sinhncoshp) (5-1)

\
Vi
|

p = FpoV2(1 + pacos(26s)) (5-2)

FGURSRL T H 23 DY SR AT RE B & DU % f DL S
x# = (Tcoshn, rcosps, rsings, Tsinhn),
p* = (mpcoshn, preos, prsiny, mysinhn)
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@2 (a2)2 B R
F=\ Tt R R, = aR, R,=— (5-4)

K pr Mmep 73 595 51 R IR [ S B AR ) R, 3R asRE 1 Bl 5 s ST T A8 14
Tii sty Ry AN Ry 9 K BRAEARL I 2 8] B K e Al o

ANE TR RO B HLHI ) Cooper-Frye iR [51], K IRTE s A HURH B4 < 5 () 58 1 1)
FHXS 1B AL R 2 HH 25 [F) A R Wigner 73 A1 [9, [10]
S(x, p)diz = Z5tmycosh(y — n)exp(—72)O(1 — 7(r, 6,))
H(n)d(T — 7o)drrdnrdrde, (5-5)

S (254 1) RKLT EHEHOF I T o R T IR . RGE BB R A 03T 027 o B
A

iN
2rprdpr

/ S(x,p)d*x (5-6)

X ABEBUR S I 58 , AERBRITE LE R R T R T LR B R I TR R RO B3,
R

.MWZ%fwP%) (5-7)

AP RGEWHBRIFAR, 50T EREH A R 20 R HIEAR /R 288 70 Ao AE45 BIREBRER 1L
AR T RS, B2 RN DS B S0 E R 5T

ARS8 T I BRPRL T 08 B 1 R G AR SR S T, A AL 22 3 p Rl s TR E
A

d3p \/p2+m?— upB; + 11sS; _
ni(TChvluB7y’S) = gl/ (27_[_)3[63:1)( 7-(,hB 5 )) + 1] 1 (5—8)

HAIEGCS X NA SR T BT, g R MIFE T ARFPESEE LS B 58 TP 8 B
*1@’601 = nz/ Z Mo
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66 HHE (R)EZNAGT A

5.2 (R)B%HIM S A ZE~50

() BRI 5T AL 7 RN (OB EIE ST RgEe it E M. 44l ()BT
() 2 08 R BT T A 22 TR R 3 B TR b R A TR B I B AR T (IR A%, AEFRATTIMESR
BAVE SR A 3 %7 Z (B A XS B & KN Apy; < 100MeV, TiAXTALE K/NAr; < 2R (R
R IIER, Y1145 x AV3m)[73]. -, RATSSN A (k) BIEZHAH
P

PN, AR EA R

charge > 0 STAR charge <0 BlastWave + Coal
O PP (0-12%) — ) == He(Fi8)
O 0.xA (A) (0-5%) === 0.A(R)= = 0.5 HER)

3
X

d(d (0-12%) - - (i)
*He (He) (0-12%)

d°N/2np_dp. dy (c*/GeV?)

00511522533544595051152 253354455
P, (GeV/c) P, (GeV/c)

5-2: (4B 4 3 2pB). AR). d(d ). *He (PHe ). 3HEH ). *He (*He )i % 4 A& & 7=
Bi(d? N/ 2mprdprdy) FEE R A& (pr) KL, 208555k B STARSZI6 4H 3R 43 1 5256 45 S [70, 174, [75]
ih 22 J2 AR 5 2 Blast Wave model+41 &8 (115145 5.

A5 FRRHICHE & F M Au+Aurh il i, SR BT FH 210 2 055K H STARSE 56 20
I & 1 45 R [26], Bjorken lifetime moHX F SCHR[76HTS). At A F 2 09 2 £n] W51 3-5-1,
TEAu+AuH ORI T K ERERREUN10fm, B [ 06 I AW [ 6 5 43 59l B0.9 110, %%
[ PR F-a 1.0,
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Ten Thin UB s B; To 00 P2 R a
159 MeV | 89 MeV | 22 MeV | 3.9 MeV | 0.84 GeV/fm? | 6.2 fm/c | 0.91 0 | 10 fm | 1.0

& 5-1: DRAGONEAH, 200GeV Au+tAurfrOohlifE A 212526, 76178 .

i b SR, R 5 5 8 74 55 043 A W L A b, AR s
(R )R 2 . EEJEDRAGON-+AL A B B fp(p). A(A) LAR IE AR
B AR AR P B pr (0404 BP0 7 2 FRS TAR S I AL 345 1 523645 SR 70, 174 175«
FNTHO 45 B AR H 58 TSTARSE R 4173 50 1 p(p)s A(A)s “He(*Ho) Hiprité, I il
TRHEH) “He(*Ho) Miprahfii, T d QBRS84S iy DS AT S Gt

C\/I\ 1 02 - J =
> 0r PXx kP ]
©) A 3 ]
i; 101:_ ; s -
> 10°F d % xd N
yeo) L N, —
Q_|_ 10-5 - ]

S " [ He & X °He
8— 1 0-7 - s V'V STAR data y _

Q :_ e A A Coalescence Y “He _:
Z 10k ) B
© = ; .

A1l
10 e 4 2 0 2 4 6

Baryon Number

5-3: “VF¥prib(pr/|B|] = 0.875GeV/c)(R) B AR F=%ibE 4 =8B E . Bhasn =M
AESTAR 200GeV Aut-Au HloRlEfE T LR [6], S0 N = A3 R Brh R g A T2
BRI (e 1B XA S R AT I

B g A iF 548 B 1 p(d). d(d). 3He(®He). *He(*He) F ¥Iprkb(pr/|B| =
0.875GeV/c) A =%, 7] LAAF B (JR) A% 1 A48 7= Z e 5 = 7 B A2 4k, o &5
Bl Bz E=MARSTAR 200GeV Au+Au H0 Ak T S2364E 16, S0 T =M RHEA
Pt E g R, B R onF AR S (e B X R 5 AT A, TR B A S
BIARESL N () B AR P46 4 2 B 3 K R T By . L 45 SRR A B 18

- 67 -



68 FhE (R)BEZEE S

— N E T HOE ()% RS P20 F M 1285 (1692) 1%, 1M AR B (#1380 & STAR S 6 #4145
FIE(R) B I =3 BT HOE I TR E 78 11703 x 102 (1.6758 x 10%) ,
RIH S5 RANSTARSE I R 7E R VG W) & o BRI 45 LRI STAR B 35 7T LAAS
£ RHIC Be & T, N EaE I R TR LIl ™ A0 % T He F 2.6 x 100, £
N0 OB R X RUIE LTRSS EAR LA AT e S5 by AOLL,  BRARAE 52 1 5
2 b R I A SR T A%, 75 UL AT LR SR He AT 2 NS P R 3 e B S D ot
B . H—JrH, H—Eh IR G () BB S WO L], (R) B
FRYANAZ P R KT T AL A 2R T B 23 R ER A A A 25 0 2 X P AR WL A7 AE IR HE o 3RAT)
(RIZH G ML T S5 SRS TAR 14 SE 56 804 W) & AN SCRFARAE IX T = LE ML) (R R

5.3 (R)BRZHIBX ~EFHEEEF B,y

M FIDRAGON+AH & 88, AT & 7 ()& BprR 73 7 BildN /dy, A R T
AN /dy o] WRAKB-2  [FIBS FATIE T3 T AR (R) AL Z A =&kt FHRRHICH) 256
25 LA S Thermal model FITEIN T HUAL.  [E[5-di RE A0 7 Pl i 5k H STAR FTPHENIX SE
56 21 1) 45 J[6, 34), [45] [79], ¥ {0 £k & Thermal model 11545 1, 200 S22k 2 8,
MM TEE AR . v W FRATT ) 25 R e 8 1R 4 M fl R RHICHE & T B9 B % — B A% LB DA
J¢*He/*He f1*He/*He , f HA Thermal model FITRM—%. %I T3H/*He M3H/3He , #H

XtF Thermal model , AU HTHR LR B REVS B 4T IR RHIC 1 S50 A% .

Particle species p A d 3He 3H 1He
dN/dy 29.6 | 16.5 | 0.081 | 1.65 x 10=% | 1.05 x 10=* | 3.30 x 107

Particle species i) A d 3He ?—\ﬁ 4He
dN/dy 22.6 | 13.1 | 0.047 | 7.3 x 1075 4.9x107° | 1.10 x 1077

#+ 5-2: DRACGON-+ZAMHAIEFK200CeV Aut+Aurt OREEE R () B Kpr B 77 #idN /dy

AL R ATE 5 T R RR)E AL S H T B EESR AR R (R)% & 141 4 W
F A Babipr A5, bR Bk 4 BN R IE R B . RS B R AT
iR, 2O AT M TR ESTAR AutAu HULRE F 9B/ Ba 45 RIT0), 20 B
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| [ Sl e b bieiebieiely b Rl iy el =
=S B =
: T o= -
A _
o 10
-} I ]
o] B ]
I | .
10°E O PHENIX data E
- [ STARdata .
- —— Coalescence model E L ]
103 T Thermal model ]
- | | | | | | | | | 5
yo7 & # © “/?9\ N k% 4%1/3 593
0T % @/%’s @/79@ @/‘}y@ & S X% B

5-4:  (R)BAZIFHG BRI LG . B AP (s 2l R BATITH R EE R, W (L 28 2 Thermal modelff)
THRSE R 5], AEF AR P 2ok B STARFIPHENTX S48 41 (1) 454 [6], (34, [45, [79] -

JEPHENIX Au+Au Rl AN 7] A0 FE T 1 B R [45] . ATSTAR Au+Au 0-5%H1 0 BERESE T
RIEHE AR AT Aut-Au 582 FoO b T TH B A5 REAT A, 7 RLE B S50 45 A =
TIATHTHER, AN IR S PR S50 5 72 0-5% 0 BE T AE 58 4 Hh O RE G B o &5
S RHICS I B G FIIRATHR R AR, ATRUE 3 () B A G B T A/ Ba R AR
Py AR EPE . MR — B RATIIE B, ~ 1/VAL, FEH BRIl 45 KR L AR
AR iR AR 5T Co il 488 B8 ORI, AT AR AR g ool AR e R BR v, R AR ) K BRAA ARV
Ko AV/BAWEN . ULER AN O R G T, SOk R 7 A 58K K R 1A
L, T ARl Bk O AR/ Baizh o AR AT AR AL TSR 45 NPHENTX Au+Au fillf# AN
[F] b JE R B Bo & IR BLHI R 1 — B pr MM, 32 R Y AE — AN A0 m) B2 K 0 4 5 U
R A AL B AN B R SRR 3 B Ripr I () B AL A LR ALK [AD] . BARIBI &
T B 85 J L A0 R S UL 14 5 JBE 43 A1 R A 1) B2 K B A (K455 06 o FRAVT AR S 0 P — A
8150 TR S IR 5 4 AT N B M YRR FE 4 A R % B L PHENTIX R SR 30 25 3L, 3R 2 /i A
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70 FhE (R)BEZEE S

Fo—EINI2, B0, tbAh, BATERFIRH SHIH G T/ Bs X He. He K, XE
3T S R RTINS 80 () AL IR 77 A M A

A —
10 = Coalescence STAR PHENIX 3
- md 3H 0d(0-5%) 4 ]
- A °He * *He A *He (0-5%) 1
102k Q ? 20-92% —
g o ©° 9 ]
: o 2 o 0 © 0 ¢hMmBms:
0oL o o 0 o & ©020% |
: o I E
. i f . = = mX
§ i é—- n’* Ly ¢ ' §
- 4L —]
o 107 E
Il -
Al | | 1 INRRRS
< 107E Coalescence STAR  PHENIX 3
o - =g H 0d(05%) g
D - A °He * “He A *He (0-5%) 1
102k 20-92% —
E o 0 0 9 5 hMmBMS*
- © 5 0 0 © (15020% -
0 Q
Q
0

||
.
P
| |
|

1 \»‘\HH‘

S
I
\\H‘
3
-
N
L]
>u
_(,>_
Ju
L]
>l
\

pT (GeV/c)

5-5: $ﬁ<&>%¢za@za/a\w-ma@pﬁm R R S BRI IR A S0 R TRAT
TS, 2 ORTEA = M B AESTAR Aut-Au LG REREF 1€ Bo /By 945 e 70], 7054 1 AL PHENIX
Au+Au EJHETI_J‘:F' 0o E T 1) Bo 45 5 [45]

5.4 ARLF(HRLF)

19764ER. L. Jaffeill i % 75 484 7 (Quark bag model) Tl T X E FHR AL (AA), B H
bi 7 IAEAERT] . H KL T 0% 50 450 Auuddss, HEIET =0, RS =0, Bt &
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FE T8 = —2. JaffeT H K 715 Emy N2150MeV, A% T 2m B HK81MeV . 11
Ja B2 K I UEAE S Fh s it F48 H R, HIR R AR UIIEYE [82-84) . 7 BE
W, P EFF) S SR AT quenched Lattice QCDX H BiF3#E4T THFR, (HAE

X+ H AR S B WA #4518 [85-95] .

10;\\\‘\\\\‘HH‘HH‘\H\‘\\H‘HH‘HH‘HH‘H\L
& = ® STAR0-5% 3

% 1 1 o —— BlastWave model
o 107 N
N 1 0-2 L _
3 ; Coalescence E
% 1 0_3 E - AP=100 MeV, AR=3.65 fm E
[ F e AP=100 MeV, AR=4.38 fm 1
Q. 1 0'4 = AP=100 MeV, AR=5.11 fm @
-O|_ E == AP=100 MeV, AR=5.84 fm 3
o 1 0-5 L AP=100 MeV, AR=6.57 fm ]
(% E AP=100 MeV, AR=7.30 fm E
= 6L T, .
(oY) C ptti oo ]
O 107¢ ANy E
1 0'8 ? "’.‘;"::,:é
10'97\\\\‘HH‘HH‘HH‘HH‘\\H‘HH‘HH‘HH‘H\[
0051152253354455

P, (GeV/c)

& 5-6: fEDRAGON+AGHMMELT, ANFEHEGSHCT AR T (A1) A =8 pr - Aii . B
ZLEA S0 R STARSEIG A SE U A I pr W5 [75],  HE €452 4k 2 BlastWave model HJTHE HRIIA 17781, A
[ €A P R 2R R R AN R AH A S0 B2 B LA B A KL T AR =543 AT

KT () BAZ T St 2, AEAR 18 38 - flf 4 o HORE 1w DLl o filf e 2R i Y AL
Je W ) 5 A ELAE B IR 83, 06], PR UL 2H & R R AL HORL = AR AR i i T A,
LR B S X DL AR BT i TR 22 AR ([72, 97, 98], FATRIEDRAGONAM 58 1 41 5
BLH] B8 88 1R 4F i F R RHICSE 5 i &5 R, I 3RATT A [ — M HEZR AL 7 H K172
A 5 B Al R 1) A, PEIB-GR ZE AN IR A S B T AR AL 45 H I LA KL T (EDRL ) A
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72 HHE (R)EZNAGT A

AR PG pr AT o R L8 520 SR STAR S AR BU A (RIp 3 [75], Tt se ek 2
BlastWave model FJH5 HERITARI A, A RBUE TR LR R A FH &S5 A A
TR BN A RLF AL =8 AT o AEFRATIAEZE T, HORLF RS P AR B AR T
HESHZAN. TEAp; = 100MeVFAR; = 3.65fm B, HARLFHIFIDP24idN /dy 41N

2.234 x 107%. FATMTH L RO RAESLS BN H o 3Rt 7 HEINS %
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6.1 Z&it

zr b, BATESTARIE = Fifil & 2% (Level 3)I Al E, BF 70 & B 7 STARS B filt &
FAR(STAR-HLT) . 1% £ 43 A AL 45 71 28 1% 75 44 77 ¥ (Tracker) « Filf 18 =5 451] 1 7 28 fish A 55
%+ HLT/EZIZAT I (Online monitoring) UA S HLT 2 £ 8% 1) K e 55 . R A% 728 B A4 1Y)
Conformal mapping J7 ¥ Fl & 88 B S A il & 50%, STAR-HLT 8% PR id sth S B AE 2 il 4
FHI )Pt . MHENHLT B AL 23z 47 e I FATAT LLA PRELT A8 % 1E % B0 TAE . 7E20104F
FI20114F, STAR-HLTTEZ AR 1 & J/ US4 UL R (J) A1 mofilisie 0], s 78
3 /UG G0 B A S ) S ALE A ) R B B A

FEARSCH, AT 720109 STARS B fill & %% (HLT)fih & (1 /syy = 200GeV
M62GeV Au+Aufill # F 4 . HF] H KL 78 I (7] 5% 52 % (TPC)H B ML B BE $i(dE/ d) Al
Ao 75 o gt I B R T B B, B A AT I T PRI % (TOF ) Il & 21 i RAT I ) o 52 L AL -
JiE, FRATDR R A AR AT S, AEE PR B ONSESS ORI T “He AEAE RS
I D I AE A Rl FA o 2500 T 184 He.

FIFHSTARS IR EA, BATK Fr & I He B 1ETPCHL T #5/KF L ——147 1

s U I AR i . [, RATEXNTPCHI K 7122 STOFH B T2 E 52
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8] [ Al A FC T AT OF [ s 8] 43 9 6 BT i B )3 He %) T4He B 5tffE 174511, &K B200GeV
Aut+AufitfE 150 He B 5ON1.44, 1M62GeV Au+AukiffE F114MHe B 550.05. Al
FIVARA AT AT LTS H, 200GeV F14He RS R LR N10- MBS, KR E K T60HES

W,

1E Aut-Au 200GeV H Ol 4 F 51 1, AT 2]*He /3He PLJZ*He /3He [ LGB 537
H(3.041.3(stat) 5 (sys)) x 1073H1(3.24£2.3(stat) 707 (sys)) x 1073, L5 2 Bl & F 3 He
F3He IS =40, FAT43 B He F11He A48 72 %0 73 73] 24(8.6 £ 3.8(stat) T3 (sys)) x
e~OM(3.3 £ 2.4(stat) 05 (sys)) x e~ FATHFIE T 15 hE T B 7 R Si p IE R BT A
FEAEAE TR AR, R IERHICHE X ) Au+ Auhill 12 A 1 S ¥ 50 5 1A% 7 A2 L3 Bl
EETHERECT G, SHIN—AEFHUE (RPN P R K 11503 x 103
(L6758 x 10%) 5. MR WIFR 1% 4 LR B G P800 TR, RAER T —1
SN0 T A%5Li 1E 5 RE E B A4 (7 A b T He f1K2.6 x 107565 o 3X 3 BHAE 1T 1 i i
WHARLMET, HERBEEE T RN AHAFENOT LR AR, I 20 BR AR E 5 i i 2%
R IO Li B TE I AR A%, 75 0 He K 2 AR SR B4 NS P R LI o LI )
JFRF % o

e Ab, FRATTFI AL A Bl g A b o R AR 4L B B T T 200GeV Aut-Aur o Alf
fi F 2 O O R R % (d, d, °He, *He, 3H, 3H, *He, “He) 7= A4 o B AR 47 ) 16
BT STARSEIHAMA RN pv b+ Ay Ay *He. *He Wipypilh, JEF0N T3H. 3H. *He. “He
Wiprd3 A, AHd. d T4 AR mipr XY i T SE 30 A8 . FRATTAR I 1E R R 1 pr o3
A5 Sk TR )40 2 B 7 (Coalescence paramter) */Ba(A=2,3,4) 56 % pr 115045 B o
455 STARFPHENIXHI Bl & 45 5%, AT 2] A~/ BB A R 95 ARl 3 b O FEAR R
(7 e A A - 55 HH KA A/ BAMTPHENIX B & 45 R s Y 1 2R p o a1 . ATk T
BT IR RV AR Z T AR XS = EG, X T IE S8 A% H A DL & "He /*He #1'He/*He 4%

S5 IR ANSTARMY 9258 H4fs UL K #4725 Y (Thermal model) ¥ TR AEH W& . X T3H/*He

- 74 -



S rie X 75

FI3H/*He , FATHITHSEXSSTARSEIG A R 45 th 7 B 4F R IR . IAVTAL T IE R FURZ
PRGBS R -2 A R A AR G () B R STARSE 6 ) B 45
Ro FAVS BB E - BUE () PR AZ 80N B 71285 (1692), XAEIRZETE
H N AISTARMIS R 5 fda, BATER —MHER NHEFE 7 XAKLT (H R 177 3%,
Zt TH R Mpr il o FATMTHESE R TRORAE LS ERBIAG HE RS HNE.

6.2 FREE

STAR-HLT & — M IEAEWF TR A W& R BB B0R B8 # STAR R IR A2 728 8 ) 23 A1 115~
HIRE RN 23, FEARRVEHLTR B E AT UK L I7E e B ik &0 Eikog 1
Hp T RmEE S . FIRF, STAR-HLT N IEEHE AR B ML RE TS EMHR, %
$¢7 Graphic Processing Units (GPU)Z 5, STAR-HLT ¥ g% 75 2 $hik & A WAKL T 55

F, FLUFHHAC 65 mR T4,

6-1: o T [ B2 Al (R B R 1A — 02,

FEFH M b T4 He A EE MWL S X2 H1 T He 75 5 58 55 B 3T A1 FRY)
JFORA ELA v 7 3R ARG, A REAE T 1 S 2 PO I 2 Hee 2025 B8 5 ) Se 0 0 i1 R A
NFRETF U PR K ERDFRVIBE . YR R) AT JRIEdE . 10535 1 A 2
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[¥1"He © 4 HAAMS. PAMELAMIBESSS1# £ 5256 1) 4 2 H b5 2 —[1H3, 99]. RATE A
FE D 2% S50 b B 7 He I T H A, X KSR AE T 1 A 2k rh I He 324 T —
AMBEF T SN VHE . 201145 H TR KUK S T 23 I B R 2 1 A-02( AMS-02) ,
7 [l Br 2% (8] 328 (ISS) b FF 4 H S W J5 ¥R 1) 4R i, AMIS-0230 5 3] (1 e AR S 437 1=
ZH B RS IE B0, HEAMS-0138 & 13N EHK . 1 RAMS-028 24 3% A #R £

NZA4, ZUIFELTIRIP 250 (18D 22 BE =326 64F ) VG [ N A E IR VDB &R
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i & H X

-1 R R I AR o | 2
-2 AT SEETE B0 T 95 210 s AH L1 A o i BUM QCD T B EH T4 |......... 3

[1-3 #& HQCDWIMAE =R ZH & Me/T a5 I THIEA, SR, |

Z G A RER, Tk r B RS telanBolzman BRI ... s
[ T T B TR LTI ] oo 5
(5 XTSRRI ITT e ] oo 7
6 QCDHBEE, T2 AErss FHAQCP ARG e | oo 3

[1-7  Aut-Auhiy g o0 PRI X 25 M A7 57 98 T~ Rop (0-5%H A /0 Alk 8 F140-60% 1 4 |

bl Y EG) B pr B AR, A KONAT I RopbE i prod A K, A B &Y |

FEE T RepIIATE o | 9

M-8 /& AT N 5 Au+Autt Uik 728 A d+ Auhty 7 1 B FZAE 1 DA 1B 2 pr i ok % - |

A Ep+p, d+-AuMlTAut-Auhll i M0 RERE R | 10
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S HERES

[1-9  EEGEKIMA + ALK ESusm 1 (h5) il oo B G pr e A . BT S e 5=

TR T T ORISR . T B KA + ARy /nATR Tpr/nif]

I A o Lo 11
[1-10 APEAIBE 2 5l je&3He +n— Fl3He +x 38 it fE 5 & 57 15 B A H SR A i & |
I I3 . PR B B f R RL B Y, AR s m i I HE S 5 |... 12
[1-11 % Fh =25 T8 B R RCR 12 6] i) ELAE A & 1% M i O £ fe i A ik, T |
| R ENREG TR ZE . BRSTARERAE Z A AR ZE TR A BTBI............. 13
1-12 AEfEE N S Tz AR HE P BI e | .o 15
[1-13 p+phitT& R B AIAE T FAutAuiifE 20, A AR R 1 iz 3 7 |
| T G (Tro) AT (< Br >) B AT it T PR G %, e |
| BN L e AR Lo M 20 I i AL 1 & (Blast Wave fit). JCEKH ] . 17
[1-14 RHIC Au+Au /syy = 200GeV I AR 25 H ) () 3% TRl B EUAA |
I T HE S TARI A A T T B e | oo 18
[-15 ()BT AL H /PHe /(A /p) A1°He /> H B J5i /UL 1 AE B K 0 o 2% o |
| SR IR R B B34, BTBI| oo 19
[-16 (AW W& N IKH w el il s pobl 1 Fr S . ORI RIS 25 T |
| B, PR 1 vk s e & (my ) R BMKRE & (Cmy ), RBEFRATHIH T E |
| Fa E AT AL o (5 ) 7E A it et v 20 OF 1 (FHOAT 6 5 25 1 hlk 9 ), AR AE A Ag |
| & (cmy )RR T REWE B R L B m e & (my ), TE T X B R DI ORL 1. 9 |
I TR A, Aes Lkt R L% 1 o 28 2 B S R et | oo 19
-1 A oo (R 5% 56 % 1) B B 3 e o] T AT L AT A8 g P o | e 292
R STARIRIMIZE . | 23
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24
-4 STARFTAIFEEZZE TP o oo 26
-5 TPCEEH AU X IR B oo 27
2-6  TPCHMaB i X IR (Outer Sector) VIR |, 28
-7 2010%ESTAR WA % Au+Au 200GeV I AE /dxZE 5¢ ke I 73 275 i o
R-8 R Tl I TPCRMAR FIBE TR e | oo 30
2-9 MRPCEMIREEL | oo 31
2-10 MRPCEEAIREEIITe | . oo 31
R-11 /syn=200GeV d-+AufiifE - 18 FZ BB &R A B, Ak BN A |
FIRL R E SR HImZ(m? = p>(1/87 — 1)) i | oo 32
R-12 STAR il R RZAEERA . | 33
B-1 2010 FEM20114FHLT MZEE. FRFEE RN AT, HLTWE 22 F Bl |
PR (HET,MTD) I o | oo 36
[3-2  Conformal Mapping BRI 715 | oo 37
-3 HLTTEZR AR AR AR RIS B D TEE e | 37
B-4 HLTHEZIZ/T RIQuality ASSUTAnce PG o | .owe e 39
3-5 StHItEvent T AT MECREZ AR R ..o 40
-6 StHItEvent TAREFE T MECRZ IR R .o 40
B-7_StMuHltEvent F BRI F R BEEZ R R R | ..o 41
3-8 StMuHltEvent I HAE T MECEZ IR R e | .o, 42
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S HERES

[3-10 (a) HLT# L T/« iR F T~ (di-electron) % A7 18 £F 2k 5 4 B R A J [ A7 T

%, (b) HLTE L HE M AR BRI ((dE /da)) MREEFRKE, 6=

FiE s e HLT A B R R (N0 o3 > —3) 00 B () ZIGHIFA T o |ovveeeenn.

4-1

no e, AT, W ESEERRIL (SR A HIARR IE T R T [

44

4-2

BPinos e BIBTE, TEE R (I o i) no s, M 5 Bio N0 665 i, 1B

e (L5 )0 e B B0 LOTE T v

3

1 128 He I A1t M E (p/ [ Z]) o0 A B, ot /0 AT G 38 R e HLT o a2 HY

>k #)*He (*He )RI*He (*He )H) B4 #F A<, JLF PR dYHLTAE 26 Bk ik 5%

s nospg. > 38T KB T Ie ok H200GeV MiniBiasH) Bk FEA,

HHRIE N BRSNS . BB SESoe MR dE/dxB e {H # 26 [58]. |...

-4

20107£200GeV Au+Au HLT R A o 15 S 42 78 3k J2 (RIEORTRE ME 1) %

i, BT ANFEH 1 o AN A R 02 . B A A i ) e B A 25 [ 25 001

BRI Ao 5 [~ 7 SN AT |

20

l4-5

23 He A1 He B0 S [ TOTH 5> A, o A R 2w I TOT 3 A o

RN TR TS E S R, KO AEAE B He A1 He Bitof —

10 Fommee A DO TR - | v,

51

-6

SHe #I*He f KATHS A TOT Slewing 5 %I & 17 J i w0 Aii A AL, W5 fA 502k

MZIE Z HIH 0 AR M0 2L SE 2 e AB IR 2 G B AT |

U-7

HLT 200GeVAI62GeV Aut+Au Ak f# H ] B A 1 % H H K
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1

Observation of the antimatter helium-4 nucleus
L. Xue for the STAR Collaboration
Nature. 473 (2011) 353

Observation of the antimatter helium-4 nucleus at the RHIC
L. Xue for the STAR Collaboration
J. Phys. G: Nucl. Part. Phys. 38 (2011) 124072

Production of light (anti)nuclei, (anti)hypertriton and di-Lambda in central Au+Au
collisions at RHIC

L. Xue and Y. G. Ma etal.,

Accepted by Phys. Rev. C

Phenomenological study of light (anti)nuclei, (anti)hypertriton and di-Lambda produc-
tion at RHIC

L. Xue and Y. G. Ma etal.,

Nuclear Structure in China 2012: Proceedings of the 14th National Conference on Nu-
clear Structure in China (NSC2012) (World Scientific, Singapore)

. A review of antimatter

Y. G. Ma and L. Xue etal.,
Accepted by Front. Phys.

EEECE

. System size and energy dependence of near-side dihadron correlations

H. Agakishiev et al., (STAR Collaboration)
Phys. Rev. C 85 (2012) 14903

Identified Hadron Compositions in p+p and Au+Au Collisions at High Transverse Mo-
menta at v/syy= 200 GeV
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11.
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13.

H. Agakishiev et al., (STAR Collaboration)
Phys. Rev. Lett. 108 (2012) 72502

Directed and elliptic flow of charged particles in Cu+Cu collisions at /syy=22.4 GeV
H. Agakishiev et al., (STAR Collaboration)
Phys. Rev. C 85 (2012) 14901

pY photoproduction in Au+Au collisions at /syy=62.4 GeV measured with the STAR
detector

H. Agakishiev et al., (STAR Collaboration)

Phys. Rev. C 85 (2012) 14910

Strangeness Enhancement in Cu+Cu and Au+Au Collisions at /syny=200 GeV
H. Agakishiev et al., (STAR Collaboration)
Phys. Rev. Lett. 108 (2012) 72301

Evolution of the differential transverse momentum correlation function with centrality
in Au + Au collisions at /syny=200 GeV

H. Agakishiev et al., (STAR Collaboration)

Phys. Lett. B 704 (2011) 467

Experimental studies of di-jet survival and surface emission bias in Au+Au collisions
via angular correlations with respect to back-to-back leading hadrons

H. Agakishiev et al., (STAR Collaboration)

Phys. Rev. C 83 (2011) 061901

High pT nonphotonic electron production in p+p collisions at /s yny=200 GeV
H. Agakishiev et al., (STAR Collaboration)
Phys. Rev. D 83 (2011) 052006

Strange and multistrange particle production in Au + Au collisions at \/syny=62.4 GeV
M. M. Aggarwal et al., (STAR Collaboration)
Phys. Rev. C 83 (2011) 024901

Measurement of the Parity-Violating Longitudinal Single-Spin Asymmetry for W* Bo-
son Production in Polarized Proton-Proton Collisions at /syny=500 GeV

M. M. Aggarwal et al., (STAR Collaboration)

Phys. Rev. Lett. 106 (2011) 062002

Scaling properties at freeze-out in relativistic heavy-ion collisions
M. M. Aggarwal et al., (STAR Collaboration)
Phys. Rev. C 83 (2011) 034910

Measurement of the Bottom Quark Contribution to Nonphotonic Electron Production
in p+p Collisions at /syny=200 GeV

M. M. Aggarwal et al., (STAR Collaboration)

Phys. Rev. Lett. 105 (2010) 202301

K*0 production in Cu+Cu and Au+Au collisions at /syny=62.4 GeV and /syny=200
GeV
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19.

20.

21.

22.

23.

M. M. Aggarwal et al., (STAR Collaboration)
Phys. Rev. C 84 (2011) 34909

Balance functions from Au+Au, d+Au, and p+p collisions at /syny=200 GeV
M. M. Aggarwal et al., (STAR Collaboration)
Phys. Rev. C 82 (2010) 024905

Higher Moments of Net Proton Multiplicity Distributions at RHIC
M. M. Aggarwal et al., (STAR Collaboration)
Phys. Rev. Lett. 105 (2010) 022302

Azimuthal di-hadron correlations in d+ Au and Au + Au collisions at /syny=200 GeV
measured at the STAR detector

M. M. Aggarwal et al., (STAR Collaboration)

Phys. Rev. C 82 (2010) 024912

Pion femtoscopy in p+p collisions at /syny=200 GeV M. M. Aggarwal et al., (STAR
Collaboration)
Phys. Rev. C 83 (2011) 64905

Longitudinal scaling property of the charge balance function in Au+Au collisions at
snN=200 GeV

B.I. Abelev et al., (STAR Collaboration)

Physics Letters B. Vol 690 (2010) 239

Charged and strange hadron elliptic flow in Cu+Cu collisions at /syy= 62.4 and 200
GeV

B.I. Abelev et al., (STAR Collaboration)

Phys. Rev. C 81 (2010) 44902

Upsilon cross section in p+p collisions at /s yny=200 GeV
B.I. Abelev et al., (STAR Collaboration)
Phys. Rev. D 82 (2010) 12004

Three-Particle Coincidence of the Long Range Pseudorapidity Correlation in High En-
ergy Nucleus-Nucleus Collisions

B.I. Abelev et al., (STAR Collaboration)

Phys. Rev. Lett. 105 (2010) 22301

Inclusive pi®, 1, and direct photon production at high transverse momentum in p+p
and d+Au collisions at /syny=200 GeV

B.I. Abelev et al., (STAR Collaboration)

Phys. Rev. C 81 (2010) 64904

Observation of 777~ 77~ photoproduction in ultraperipheral heavy-ion collisions at
snyN=200 GeV at the STAR detector

B.I. Abelev et al., (STAR Collaboration)

Phys. Rev. C 81 (2010) 44901
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24.

25.

26.

27.

28.

Spectra of identified high-pr 7% and p( p) in Cu + Cu collisions at /syy=200 GeV
B.I. Abelev et al., (STAR Collaboration)
Phys. Rev. C 81 (2010) 54907

Longitudinal double-spin asymmetry and cross section for inclusive neutral pion pro-
duction at midrapidity in polarized proton collisions at /syny=200 GeV

B.I. Abelev et al., (STAR Collaboration)

Phys. Rev. D 80 (2009) 111108

Observation of an Antimatter Hypernucleus
B.I. Abelev et al., (STAR Collaboration)
Science 328, 58-62 (2010)

Longitudinal spin transfer to Lambda and Lambda hyperons in polarized p+p collisions
at /syn=200 GeV

B.I. Abelev et al., (STAR Collaboration)

Phys. Rev. D 80 (2009) 111102

Identified particle production, azimuthal anisotropy, and interferometry measurements
in Au+Au collisions at /syn=9.2 GeV

B.I. Abelev et al., (STAR Collaboration)

Phys. Rev. C 81 (2010) 24911
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1.

Production of light (anti)nuclei, (anti)hypernuclei and di-Lambda in central Au+Au
collisions at RHIC

Thel4th National Conference on Nuclear Structure in China (NSC2012), April 12-16,
2012, Huzhou, China.

Observation of the antimatter helium-4 (anti-«) nucleus
The 9th Workshop on QCD Phase Transitions and Relativistic Heavy Ion Collisions,
July 18-20, 2011, Hangzhou, China.

Observation of the antimatter helium-4 (anti-«) nucleus
The 22nd International Conference on Ultra-Relativistic Nucleus-Nucleus Collisions:
Quark Matter 2011, May 23-28, 2011. Annecy, France, Europe.

Observation of the antimatter helium-4 (anti-«) nucleus
STAR Annual Collaboration Meeting, May 15-20, 2011. Prague, Czech Republic, Eu-

rope.

Observation of the antimatter helium-4 nucleus
STAR Annual Analysis Meeting, March 14-18, 2011. Brookhaven National Laboratory
(BNL), Upton, USA.

Search For Anti-*He In Run10 AuAu Collision
STAR Annual Collaboration Meeting, Nov 12-17, 2010. Brookhaven National Labora-
tory (BNL), Upton, USA.

- 08 -



S rie X 99

7. STAR High Level Trigger in Run10 and offline dE/dx calibration
STAR Annual Analysis Meeting, June 15-18, 2010. University of California, Los Angeles
(UCLA), USA.

8. STAR High Level Trigger online QA, Time Projection Chamber calibration and anti—a
search
Post at 2010 RHIC-AGS Annual User’s Meeting, June 10-14, 2010, Brookhaven National
Laboratory (BNL), Upton, USA.
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@ Emest Onando Lawrence Berkeley National Laboratory

May 5% 2011

ToWhom It Iay Concem:
L. Liang Xue was the leading author for the recent STAR publication
of “Obzervation of the antimatter heliwm-4 nucleus", published in

Nasgre on Iarch 24%, 2011 (doi:10. 1038/naturel 00793, In the past two
years, 1 hawe been impressed by his contributions to the STAR

ERpErinent.

It caseyou have any question, please feel fee to contact me.

sincerely yours,

Ao Sk

MNu Zu
Spokesperson for the STAR. Collaboration (http: damamar star bl gow!)

Senior Scientist
Mudlear Science Division
Lawrence Berkeley MNational Laboratory

Mucleat Sclehces DivBlon Ohe Cyclottoh Road MS70-318  Betieley, CA 84720
Office Phohe: 910-985-2851  Cell Phohe: 310-288-8118  Fax: 570-988-<018
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RunID EvtID Vz nHit | ndEdx | p/|Z] n o dca | length | X2 | nosg. E tofZ | tofY | tot tof I54 m
11073003 | 164108 | -4.21 41 20 2.32 0.79 | 2.84 | 0.79 | 250.80 | 1.62 2.10 - -0.92 | -1.49 | 25.92 | 12.14 | 0.78 | 3.73
11039055 | 210350 | -6.60 32 20 2.93 0.62 | 0.26 | 0.65 | 230.60 | 1.72 1.71 7.60 | 1.50 | -0.21 | 19.40 | 10.21 | 0.84 | 3.82
11068026 | 39668 21.47 35 17 2.72 0.60 | 5.32 | 0.12 | 220.40 | 0.82 1.04 4.35 | -1.06 | 1.15 | 24.36 | 10.20 | 0.83 | 3.60
11058065 | 578838 2.80 42 23 2.19 0.87 | 6.01 | 0.23 | 268.43 | 1.00 0.67 - 0.49 | -1.41 | 25.05 | 13.27 | 0.75 | 3.90
11067003 | 459202 | -7.38 41 22 1.77 | 0.15 | 5.26 | 0.41 | 192.10 | 1.87 | 0.58 | 3.83 | 0.62 | -0.44 | 30.80 | 10.14 | 0.71 | 3.53
11058057 | 14412 -7.89 34 20 2.55 | -0.38 | 0.89 | 0.15 | 206.80 | 0.33 0.47 6.63 | -2.29 | -0.66 | 30.50 | 9.45 | 0.81 | 3.76
11071001 | 22782 | 13.80 39 22 1.90 | 0.52 | 0.08 | 0.33 | 209.70 | 0.65 | 0.26 | 7.33 | -0.21 | 1.42 | 26.20 | 11.40 | 0.71 | 3.72
11038029 | 198533 8.32 38 20 2.30 | -0.28 | 4.90 | 0.35 | 198.80 | 0.56 | -0.71 | 5.39 | -1.85 | -1.23 | 30.00 | 9.62 | 0.77 | 3.78
11042004 | 32163 | -3.15 44 22 1.89 | -0.16 | 2.33 | 0.35 | 193.83 | 0.69 | -1.03 | 6.63 | 0.39 | -0.15 | 20.30 | 9.95 | 0.72 | 3.66
11049030 | 163422 | -6.25 38 20 1.80 | 0.52 | 3.03 | 0.53 | 220.60 | 1.35 | -0.92 | 1.92 | -1.51 | 0.25 | 29.06 | 11.30 | 0.72 | 3.54
11061082 | 75580 15.94 40 24 1.84 0.23 | 4.69 | 0.13 | 196.23 | 1.07 | -1.11 | 9.00 | 2.67 | 1.14 | 34.53 | 10.50 | 0.71 | 3.69
11036057 | 231733 | 27.77 38 16 240 | -0.75 | 0.77 | 0.11 | 247.27 | 0.97 | -1.27 | 2.43 | -2.61 | -1.50 | 14.93 | 11.30 | 0.81 | 3.49
11073073 | 184644 | 10.11 40 20 1.61 0.34 | 1.72 | 0.16 | 199.68 | 0.62 | -1.72 | 2.93 | -2.40 | 0.60 | 24.78 | 11.65 | 0.65 | 3.81
11040022 | 369055 | -2.03 40 23 1.12 | 0.38 | 0.79 | 0.11 | 203.90 | 1.29 | 0.72 | 3.19 | 0.43 | -0.18 | 31.79 | 14.90 | 0.52 | 3.72
11051001 | 331536 | -19.09 36 22 1.10 0.55 | 1.14 | 0.10 | 197.30 | 0.81 0.23 1.90 | -2.82 | 1.22 | 30.06 | 16.16 | 0.51 | 3.73
11086015 | 43011 | 17.56 43 25 1.81 | 0.70 | 0.96 | 0.11 | 241.00 | 0.39 | -0.03 | 5.77 | 1.49 | -0.46 | 32.5 | 12.70 | 0.71 | 3.63

& 0-1: 2010161 He FAFHIMRNERT .
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fRC: YRR R

Quantity Symbol Value(SD uncertainty) Unit
H AR HU e 2.7182818284590 1]
[5 i 2 ™ 3.1415926535898 1]
AP RO c 299792458 [m s
e B e h 6.6260755(40)x 1034 [J 5]
h 1.05457266(63) x 10734 [J 5]
h=h/2x
BORZE 2 W k 1.380658(12) x10~2 [J K]
BIIRNEEZ WA Na 6.0221367(36) x 1023 [mol ]
B WS % 110 4t x 1077 [H m™!]
HA LR €0 8.854187817...x 10712 [F m™!]
Ho€o = c?
HL - LA e -1.60217733(49)x 10717 [C]
e Al oY 1/137.03599976 1]
a= ﬁ
JR T B AL My, 1.66053886(28) x 10~ 27 k]
931.49391220 [MeV]
FL - 11 o mo 9.1093897(54) x 103! 153
0.51099884(57) [MeV]
HL T4 T 2.817940325(28)x 1071 [m]
JR - L my 1.6726231(10) x 1027 k]
938.2718997 [MeV]
b M, 1.6749286(10)x 10~%7 kg]
939.5652175 [MeV]
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